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INTRODUCTION 

AND- 
ACKNOWLEDGEMENTS 

This  bulletin  is  intended  as  an  outline  statement  of  the  con- 
ditions f  oiind  in  many  wheat  growing  regions  in  which  a  rather 
constant  or  one-crop  system  of  farming  prevails.  It  is  written  in 
its  present  form  with  the  purpose  of  giving  a  general  view 
regarding  the  relations  of  root  and  soil  diseases  to  wheat  crop- 
ping. In  its  general  aspects,  it  affords  a  somewhat  novel  ex- 
planation of  the  effects  of  constant  cropping  to  one  kind  of  a 
crop. 

Some  of  the  diseases  to  which  we  refer  in  this  bulletin 
have  been  studied  by  others.  The  conclusion  to  which  we  have 
come,  that  improper  handling  of  seed  and  of  soil  associated 
with  constant  cropping  brings  about  soil-sickness  for  wheat 
througb  the  introduction  of  wheat  diseases  into  the  soil  and 
seed  and  accounts  for  the  deteriorated  condition  of  the  wheat, 
is  essentially  new. 

At  first  thought,  some  of  the  conclusions  drawn  would  seem 
to  be  in  strong  contrast  if  not  in  opposition  to  what  are  com- 
monly known  as  best  methods  of  agriculture.  Many  have  per- 
sistently insisted  that  the  trouble  under  the  one-crop  system 
is  due  to  the  fact  that  fertility  is  lost  and  that  a  crop  rotation 
is  primarily  a  scheme  for  resting  the  soil.  Our  experiments 
seem  to  prove  conclusively  that  the  explanation  for  crop  rota- 
tion ean  better  be  placed  upon  a  basis  of  sanitation  than  upon 
a  mere  plan  of  saving  fertility.  The  results  obtained  seem  to 
explain  many  of  the  difficulties  in  cropping  such  as  arise  in 
the  assignment  of  crops  in  rotation,  use  of  manures,  fertilizers, 
etc.,  which  have  heretofore  been  difficult  of  explanation. 

The  problem  of  wheat  deterioratioi\  is  one  of  such  complex 
bearing  upon  all  of  the  methods  of  farm  cropping  that  it  is  not 
possible,  in  this  preliminary  bulletin,  to  give  the  complete  tab- 
ulated data  of  the  various  lanes  of  investigation  upon  which  the 
general  conclusions  are  founded.  The  purpose  is  to  give  proper 
detail  to  the  various  phases  of  the  subject  in  separate  bulletins 
to  follow.  There  are  now  under  construction  three  bulletins : 
(1)  dealing  specifically  with  the  parasites,  their  classification, 
and  their  relations  to  the  tissues  of  the  wheat  plant ;  (2)  the 
relationship  of  cropping  methods,  manures  and  fertilizers  to 


disease  and  crop  production;  (3)  wheat  breeding,  seed  selec- 
tion and  seed  treatment  in  relation  to  disease  control. 

For  a  number  of  years  our  experiments  and  investigations 
have  been  planned  without  reference  to  the  work  as  done  by 
any  other  investigators,  for  the  specific  purpose  that  our  con- 
clusions, when  finally  drawn,  might  be  the  right  answer  to  what 
is  the  cause  of  deterioration. in  seed  grains,  under  an  approxi- 
mately constant  cropping  system. 

Acknowledgements:  The  problem  has  been  approached 
from  many  angles.  The  writer  has  been  able  to  come  to  the 
conclusions  which  are  here  given  in  this  general  publication 
largely  because  of  the  conscientious  and  consistent  help  given 
by  many  assistants  acting  thru  a  number  of  years  of  experi- 
mental work,  both  in  the  field  and  in  the  laboratory,  and  I 
wish  here  to  give  special  acknowledgements  for  that  assistance, 
particularly  to  Thos.  Manns,  Fred  J.  Pritchard  and  H.  F.  Berg- 
man, former  assistants  in  this  department  of  the  experiment 
station,  and  particularly  to  Messrs.  Mercer,  Milbrath,  Dory- 
land  and  Stevens,  present  assistant  botanists.  Each  of  these 
men  has,  at  different  times,  had  assigned  to  him  definite  por- 
tions of  the  work,  and  his  care  has  made  it  possible  for  the 
entire  work  to  be  properly  summarized.  I  wish  to  especially 
acknowledge  the  kindly  supervision  and  encouragement  of  Di- 
rector J.  H.  Worst  thruout  the  long  period  of  investigations 
when,  at  times,  it  seemed  that  there  could  be  little  hope  that 
such  experiments  could  lead  to  any  light  likely  to  further  agri- 
cultural methods. 

That  the  bulletin  may  be  read  with  a  somewhat  clearer 
understanding  of  its  aims,  the  following  short  statements  are 
given: 

STATEMENTS. 

1.  Constant  or  rather  constant  culture  of  wheat  on  the 
same  lands  bring  about  wheat-sickness,  wheat-sick  soil. 

2.  Wheat  does  not  thrive  well  in  the  presence  of  its  own 
dead  bodies,  no  matter  how  fertile  the  soil. 

3.  Constant  wheat  cropping  does  not  especially  exhaust  or 
use  up  the  fertility,  plant  foods,  more  rapidly  than  crops  in 
series. 

4.  Best  evidence  indicates  that  constant  wheat  cropping 
does  not  introduce  into  the  soil  any  permanent  excrement  or 
poisons  detrimental  to  wheat. 

5.  Constant  wheat  cropping  tends  to  introduce  with  the 
seed,  stubble,^^  roots,  etc.,  a  number  of  wheat  disease  producing 
fungi.  These  fungi  destroy,  blight  and  rot  off  the  roots  of  the 
whetft  plants,  and  live  internally  in  the  straw  and  the  seeds. 


6.  These  fungus  parasites  of  wheat  accumulate  in  fertile 
soils  and  bring  about  a  condition  of  wheat-sickness,  ''wheat- 
tired  soil,"  which  has  led  many  to  assume  that  such  soils  are 
in  part  or  wholly  exhausted  for  wheat. 

7.  Wheat-sick  soil  and  wheat-sick  seed  are  the  chief 
causes  of  the  trouble  which  millers  complain  of  as  deteriorated 
grain. 

8.  The  fungi  attack  the  roots  of  the  wheat,  the  leaves, 
stems  and  young  developing  grains  and  produce  many  peculiar 
evidences  of  damage  to  the  crop.  They  are  the  chief  cause  of 
the  failure  of  wheat  to  properly  stool  on  fertile  soils.  They 
make  the  plants  live  almost  wholly  upon  the  surface  of  the  soil 
even  tho  the  land  is  deeply  and  well  worked.  They  cause  the 
following  peculiar  features :  wilting  and  blighting  of  embryos 
and  plantlets  in  first  leaf,  "tip  bum"  and  "sun  scald"  of  young 
plants  at  stooling  time,  blighting  of  side  stool  at  shot-leaf 
period,  black-f oqt  or  creosote  colored  stems  below  ground  line ; 
death  of  wheat  in  alkaline  areas  otherwise  not  sufficiently 
alkaline  to  injure  the  crop,  incomplete  filling  of  upper  head' 
parts,  gftirivelled  grains,  "black-pointed"  grains,  purplish  or 
pink  grains,  white-bellied  grains,  pie-bald  grains,  and  play  a 
large  part  in  the  troubles  spoken  of  as  "bleached  and  blistered" 
grain. 

9.  There  are  a  number  of  these  wheat  fungi  and  together 
or  severally  they  largely  account  for  many  anomalies  of  crop- 
ping. For  example,  some  times  fresh  barnyard  manures  are 
particularly  injurious  to  wheat  even  on  rather  poor  lands. 
Sometimes  the  best  methods  of  tillage  fail  to  give  plump  wheat 
on  good  soils  and  under  good  weather  conditions.  Sometimes 
the  most  widely  approved  series  of  crop  rotation  fails  to  pro- 
duce wheat  of  proper  grade  under  otherwise  high  culture  and 
soil  quality.  Sometimes  the  most  approved  use  of  artificial 
fertilizers  fail  to  give  proper  results  even  when  applied  to 
rather  poor  wheat  soils.  Finally  it  is  not  at  all  uncommon  for 
the  best  variety,  best  selected,  best  treated  seed  to  fail  to  prop- 
erly reproduce  itself,  even  under  high  class  soil,  tillage  and 
climatic  conditions.  These  failures  of  the  past  may  be  ex- 
plained by  the  fact  that  the  root  and  seed  diseases  of  wheat 
were  present — ^introduced  some  times  by  the  seed,  sometimes 
by  the  fresh,  uncomposted  strawy  manures,  sometimes  by  wind- 
blown or  water-wafilhed  dirt,  etc. 

10.  This  disease  theory  rests  on  facts  of  nature.  It  helps 
to  explain  many  good  results  which  are  sometimes  noticed  un- 
der intensive,  proper,  careful  farming.  For  example :  Propei*  i 
summer  working  or  soil  tillage  tends  to  firm  down  the  soil  and 
these  wheat  fungi  do  not  develop  rapidly  or  deeply  in  a  firm 
compact  seed  bed.      Such  proper  soil  tillage  keeps  the  upper 
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layers  of  the  soil  stirred  until  the  sunlight  and  aeration  tends 
to  purify  the  soil  from  the  germs  of  the  wheat  diseases.  The 
purified  soil  not  only  becomes  more  nearly  free  from  weed 
seeds,  but  also  largely  free  from  the  root  destroying  fungi. 
The  wheat  roots  can  then  penetrate  more  deeply.  Properly 
composted  barnyard  manures  tend  to  become  free  from  such 
wheat  root  diseases.  Properly  selected,  plump,  bright  colored, 
heavy  weight  seed  grains  contain  less  parasitic  fungi  under 
the  bran  layers  than  do  the  low  grade  shrivelled  or  water  in- 
jured grains*  The  fanning  mill,  properly  used,  tends  to  dis- 
card grains  which  contain  the  wheat-sick  fungi  on  the  interior. 
Proper  treatment  of  seed  wheat  not  only  kills  smut  spores,  but 
kills  the  spores  of  the  wheat  root  diseases  which  are  commonly 
abundant  on  the  exterior  of  even  the  highest  grade  wheat. 
Wheat  which  has  been  threshed  before  it  is  allowed  to  get  wet 
makes  better  seed  wheat  than  that  which  gets  wet  in  the  grain 
or  sheaf  because  such  dry  threshed,  dry  saved  seed  does  not 
give  the  wheat-root  fungi  opportunity  to  grow  under  the  bran 
layers  of  healthy  seeds  or  grains. 

11.  Wheat  deterioration  in  the  fertile  wheat  growing 
areas  of  Northwest  America  involves  soil  and  seed  problems 
directly  analogous  to  those  in  the  case  of  the  flax  crop  or 
potato  crop.  It  is  not  primarily  a  problem  of  soil  fertility 
losti,  but  of  disease  present. 

12.  Our  ''wheat-sick"  soils  are  properly  described  by  the 
word.  They  have  not  particularly  lost  their  capacity  to  grow 
normal  wheat.  They  will  do  it  again  when  most  of  our  farm- 
ers understand  that  proper  wheat  farming  involves  a  proper 
sanitary  handling  of  the  soil  and  seed. 

13.  Fertilizers  and  crop  rotation  will  give  a  better  ac- 
count of  themselves  when  the  farmers  sow  purified  seed  on 
purified  soil. 

14.  The  proper  foundations  for  a  crop  rotation  rests  in 
the  use  of  comparatively  non-related  crops  in  series, — those 
which  do  not  bear  each  others'  diseases. 

15.  Presh  barnyard  manures  containing  wheat  refuse, 
straw,  etc.,  should  not  be  used  for  immediate  or  direct  applica- 
tion to  the  wheat  crop.  It  should  either  be  purified  by  com- 
posting or  be  applied  to  some  crop  not  closely  related  to  wheat. 

16.  Artificial  fertilizers,  if  applied,  should  be  used  with 
the  view  of  giving  a  proper  balanced  food  relation  for  the  even 
development  of  a  sturdy  resistant  leafage  and  straw. 

17.  Proper  methods  of  soil  tillage  and  handling  of  man- 
ures and  artificial  fertilizers  are  not  merely  measures  for  sup- 
plying plant  food,  but  also  involve  vital  features  of  a  sanitary 
nature. 


18.  In  cereal  cropping,  air,  water  and  soil  fertility  (plant 
foods)  are  primary  matters  of  crop  productivity. 

19.  The  problem  of  grain  deterioration,  as  now  observed 
by  farmers,  millers,  chemists  and  agriculturists,  the  writer 
thinks,  involves  the  question:  '*What  is  the  matter  with  the 
crop  and  its  product?",  rather  than:  **What  is  the  matter  with 
the  soilT" 

20.  Deteriorated  wheat,  as  seen  in  depressed  yields  and 
low  quality,  as  now  quite  commonly  produced  in  the  great 
natural  wheat-producing  regions  of  this  country,  is  not,  pri- 
marily, a  matter  of  lost  fertility,  or  of  modified  chemical  con- 
tent of  the  soU,  but  is  specifically  a  problem  of  infectious  dis- 
ease which  is  superimposed  upon  the  problems  of  soil  and  crop 
management.  Crop  rotation,  for  example,,  is  not,  primarily,  a 
farm  process  which  is  likely  to  conserve  the  fertility  of  the 
soil,  but  when  properly  arranged  in  a  system  so  that  the  proper 
crops  follow  one  another,  it  is  definitely  a  sanitary  measure 
tending  to  maximum  production. 

21.  Wheat-root  fungi  and  their  spores  are  drifted  from 
field  to  field  and  persist  in  the  soil  in  exactly  the  same  sense 
as  weed  seeds  are  distributed.  This  accounts  for  much  new 
land  infection. 

22.  In  so  far  as  other  cropping  plants  and  their  diseases 
are  mentioned  in  this  bulletin,  they  are  used  only  for  illustra- 
tion purposes  because  more  commonly  understood. 
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WHEAT 

Soil  Troubles  and  Seed  Deterioration. 
Oanses  of  SoQ  Sickness  in  Wheat  Lands. 
Possible  Methods  of  Oontrol. 
Cropping  Methods  With  Wheat. 

H.  L.  BoUey,  Botanist. 

The  Wheat  Crop :  Wheat  is,  no  doubt,  one  of  the  oldest  of 
food  producing  crops.  There  are  no  very  definite  records  with 
regard  to  its  early  existence  as  a  crop,  but  the  types  of  grain 
which  have  been  found  in  old  monuments  and  mentioned  in 
historical  writing  efhow  that  the  seed  of  this  crop  has  been 
always  largely  depended  upon  by  inhabitants  of  the  earth  for 
food.  It  is  evident  that  the  plant  was  essentially  perfected  in 
the  form  that  we  now  know  this  cereal  at  a  very  early  time. 
The  crop  has  been  grown  chiefly  for  the  seed  and  used  as  meal 
or  for  flour  purposes.  Essentially  all  other  portions  of  the 
crop  of  value  are  represented  in  by-products  from  the  manu- 
facture of  flour.  The  chief  exception  being  the  use  of  the  crop 
for  grazing  purposes  and  the  straw  in  paper  making.  In  re- 
gions where  the  soil  and  atmosphere  are  too  dry  for  ordinary 
growths  of  hay,  the  crop  has  been  successfully  used  for  the 
production  of  forage  cut  as  hay. 

Most  American  and  European  farmers  have  used  the 
thrashed  straw  as  forage  and  under  certain  conditions  this 
straw  is  of  fair  feed  value  when  fed  with  more  nutritious  ma- 
terials. 

No  doubt  the  feeding  of  this  straw  and  the  use  of  the  same 
for  stable  bedding  has  also  had  a  great  influence  upon  wheat 
cropping  due  to  the  influence  of  the  straw  upon  the  manure 
and  the  consequent  effect  due  to  the  general  distribution  of 
crop  pests  in  the  manures  to  the  lands. 

Origin  of  the  Wheat  Plant :  The  wheat  plant  has  probably 
been  developed  from  some  of  the  wild  grasses  of  the  old  world, 
either  of  North  Africa,  or  Southwest  Asia.  The  forms  of  the  crop 
now  known  are  to  be  looked  upon  as  the  survival  of  the  most 
useful  food  producing  types  of  some  native  grasses  which  were 
early  used  as  grain  producing  plants  under  aboriginal  crop- 
ping eflPorts.  The  present  wheat  plants  have  probably  been 
modified  for  grain  production  thru  natural,  intermittent  and 
rather  unintelligent  methods  of  selection-  from  one  or  more  na- 
tive wheat-like  grasses.  The  most  probable  ancestral  types  now 
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growing  in  the  old  world  are  Triticuni  hermonis^  (wild  emmer) 
and  Hordeum  Spontaneum^  (wild  barley).  The  nearest  re- 
lated plants  in  this  country  are  the  various  species  of  wheat 
grasses,  as  quack-grass,  slender  wheat  grass,  western  wheat 
grass,  etc. 

Of  the  changes  during  the  long  period  in  which  the  wheats 
were  under  course  of  development  from  the  wild  types  to  the 
edible  forms  which  we  now  know,  history  is  silent.  The  grain 
producing  capacity  and  food  value  of  the  chief  forms  now^ 
known  to  us  have  probably  not  been  greatly  improved  since 
written  history,  but  the  number  of  varietal  strains  which  have 


Fig.  2. — High  class  seed,  when  placed  upon  wheat-sick  ground  tends  to  produce 
black  points.  Seeds  of  the  character  shown  at  (1)  coming  off  from 
new  lands,  when  seeded  upon  old  wheat  stubble  (wheat-sick  soils) 
usually  produce  a  high  percentage  of  black-pointed  grains  as  shown 
at  (2).     (See  fig.  3  also  table  No.  XI.) 

been  separated  out,  within  comparatively  late  years,  is  large, 
and  the  improvement  in  methods  of  farming  and  the  develop- 
ment in  machinery  to  facilitate  proper  cropping  have  made 
wonderful  strides  during  the  last  fifty  years.  Conditions  have 
thus  been  brought  about  thru  Which  possibly  greater  yields 
have  been  obtained  from  the  crop  than  was  possible  under  the 
old  methods  of  agriculture.  It  is  probable  that  in  late  years 
the  increased  world  output,  in  bushelage,  is  due  more  specifi- 
cally to  increased  acreage  and  to  improved  methods  of  tillage 
than  to  specific  seed  improvement.    It  is,  however,  a  matter  of 


1.  Aaronsohn,  Aaron,  V.  S.  Dept.  of  Agriculture,  Bureau  of  Plant  Industry, 
Bulletin  No.  180,  Pages  42  to  52  Inclusive. 

2.  Cook,  O.  F.,  U.  S.  Dept.  of  Agriculture,  Bureau  of  Plant  Industry,  Bul- 
letin  274,   Page   13. 
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great  encouragement  to  know  that  the  wheat  plant  is  subject 
to  variation  as  to  type  and  that  new  varieties  can  be  produced 
with  comparative  ease.  With  the  great  facilities  for  such  work 
and  for  making  permanent  records  of  investigation,  it  ought 
now  to  be  comparatively  easy  to  develop  thru  breeding  and 
cultivation  methods  wheat  types  of  much  greater  yielding  ca- 
pacity than  ever  heretofore  known.  To  get  and  maintain  such 
improved  yielding  capacity,  it  will  be  necessary  for  all  parties 
interested  in  the  crop,  especially  the  growers  of  seed,  to  im- 
derstand  the  conditions  under  which  the  crop  grows  and  the 
various  conditions  which  tend  to  hold  it  upon  a  low  level  of 
production. 

T!he  Influence  of  Climate  and  SoU :  In  late  years^  there  has 
probably  been  but  slight  change  in  the  chief  forms  of  wheat  in 


? 


Table  No.  I. — Composition  of  Typical  Soils  of  the  Red  Riyer  Valley  in  the 
CoastaDt  Wheat  Cropping  Districts  as  Compared  to  the  Average  of  the  Most 
Productire  Illinois  Soils :  (Table  compiled  from  Bulletin  100,  N.  P.  Experiment 
Station.  Original  Chemical  Data  by  Prof.  E.  F.  Ladd  and  the  Chemical  Depart- 
ment of  Illinois  University.) 

Pounds  per  acre  in  two  million  (top  7  inches). 


Locality 


Total 


Acid  Soluble 


Nitrogen  PhosphorusPotassiumCalcluni  tf agnesium 


Bathgate 

Fargo     

Wahpeton 


7560 
7200 
5520 


1460 
2520 
1040 


11560 

13600 

6540 


18880 
19860 
11800 


14360 
6020 
7940 


Average  of  the  3   N.  D.  Samples]     6760 
Arerage  of  most  productive  soils 

of  Illinois 8000 


1673 
1700 


10566 
7600 


16846 


9940 


The  chemical  analyses  of  the  soil  as  given  for  the  Fargo  district  was  made 
upon  a  plot  of  ground  which  had  been  in  practically  constant  wheat  culture  crop- 
ping for  approximately  forty  years.  It  is  a  plot  which  under  ordinary  methods  of 
cropping  produces  almost  regularly  year  by  year  a  very  low  grade  of  deteri- 
orated wheat,  shrivelled  and  diseased.  It  will  be  seen,  however,  that  Its  fertility 
and  total  nitrogen  approximates  the  best  Illinois  soil  and  in  available  phosphate 
and  potash  excels  the  Illinois  soil.  One  can  hardly  assume  that  auoh  soils  as 
here  analyst^  should  fail  to  produce  wheat  because  of  lack  of  fertility,  (See  Figs, 
f,  rt  and  18.) 


their  ability  to  produce  grain,  yet  there  are  many  facts  recorded 
which  show  that  the  growth  characteristics,  type  or  plant  form, 
seed  production  and  food  value  of  the  crop  are  remarkably 
plastic  characters  which  respond  profoundly  to  the  influence 
of  soil,  climate  and  cropping  methods.  We  should,  therefore, 
be  able  to  make  selections  in  such  manner  as  to  tend  to  im- 
prove the  yielding  qualities  of  the  crop  and  its  food  value,  and 
it  ought  to  be  possible  to  plan  such  experiments  as  shall  defi- 
nitely make  clear  the  conditions  of  soil  and  atmosphere  and  the 
biological  (life)  relations  which  are  most  essential  to  develop 
a  particular  wheat  quality,  as  milling  value,  disease  resistance, 
etc.  To  make  such  improvements  in  variety  or  types  lasting, 
it  is  essential  that  in  wheat  cropping  the  full  life  relations 
should  be  taken  into  consideration.    The  influence  of  disease 
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in  relation  to  climatic  effects  is  not  at  present  given  proper 
weight. 

Wbeat  Types:  The  chief  types  of  wheat  are  not  of  late 
origin,  but  have  been  separated  by  selective  methods  from  a 
large  mixture  of  types  which  have  come  about  thru  migrations 
of  people  from  the  original  w'heat  producing  regions.  The 
most  typical  forms  have,  no  doubt,^  been  fixed  by  climatic  and 
soil  conditions  under  primitive  methods  of  agriculture  thru  ai 
type  of  natural  selection  acting  over  long  periods  of  time  in  a 
single  locality. 

The  Nature  of  the  Wheat  Plant:  The  wheat  plant  is  an 
annual  and  starts  from  seed  only.  As  to  environment  and  es- 
sential conditions,  one  readily  recognizes  two  forms:  (1)  Win- 
ter   annual    (winter   wheat).     (2)    Summer   annual    (Spring 

Table  No.  II. — Fungus  Content  of  Interior  of  Wheat  Grains :  This  table 
shows  the  results  obtained  from  counting  the  kinds  of  fungi  developed  from  the 
interior  of  yariously  "ofT*  colored  wheat  grains.  The  methods  consisted  in  the 
formaldehyde  disinfection  of  the  seed  and  germination  on  agar.  Marquis  Wheat, 
grown  on  farm  of  James  Austin,  Hannaford,  N.  D.,  crop  1912.  (Cultures  by 
MUbrath.) 

The  number  of  grains  examined  in  this  particular  sample  of  wheat  were 
345.  The  table  shows  the  percentage^^of  cases  in  which  the  various  fungi 
dcyeloped. 


Organisms. 

From 

Black  Pointed 

Grains 

From 

Pink  Colored 

Grains 

From 

Wrinkled 

Grains 

From 

Bleached 

Grains 

From 

Rough 

Grains 

Altemaria  

80 
8 
8 
0 
2 
7 

4 
78 
0 
0 
8 
15 

15 
80 
12 
38 
1 
4 

16 
24 

6 
26 
25 

2 

42 

Fuaarium    

Helm4niho8porium  .. 

Gon^ctriehum   

Bacteria 

Pure  

12 

7 

6 

30 

4 

As  in  the  case  of  the  examination  of  the  interior  of  the  nodes  and  inter- 
nodes  and  stem  lesions  one  grain  may  often  contain  two  or  more  of  these  fungi 
In  association.  It  is  eyldent,  however,  that  the  black  pointed  grains  are  most 
commonly  associated  with  the  genus  Alternaria  and  the  pink  grains  with  Fu- 
aarium  but  that  practically  all  of  the  kinds,  particularly  Oolletotriohum  and  Heh 
mlHthC9porium,  show  capability  of  invading  grains  which  have  been  dampened, 
locating  beneath  the   bran  layers. 


wheat).  The  common  wheats  are  readily  separated  because  of 
the  peculiarities  of  the  grain  and  the  flour  quality  into  two 
types:  (1)  Hard  or  Durum  varieties,  and  (2)  Soft  or  bread 
varieties.  Such  terms  are  not  particularly  distinctive,  but 
rather  collective  and  comparative  being  based  largely  upon 
milling  and  commercial  terminologies.  A  ''hard"  variety  may 
be  soft  and  a  **soft"  variety  may  be  hard  in  texture,  according 
to  climate,  soil  and  culture  conditions.  Thus  some  so-called 
bread  wheats,  as  Scotch  Fife,  grown  under  dry  atmosphere 
and   soil   conditions   characteristic  of  certain  regions  of  the 


— LoHBltudlDB]  sei^Clon  Df  a  Fire  wheat  grain  cut  thru  the  base  of  a 
Dormal  Kcaln  so  tbaC  the  section  passes  thru  Che  middle  of  the  epi- 
bcjo  and  the  deepest  portion  of  the  grooTe  of  the  gralD.  The  neetlon 
■howa  the  locRtloQ  of  tbe  embryo,  with  refereace  to  tbe  bran  lasers. 
Notice  at  (G)  tbe  flrst  root  and  the  open  apace*  about  It  and  other 
open  apaces  eUewbere  under  (he  bran  or  outer  bUd  eocloilhg  the 
embrjo  and  other  parts  of  the  grain.  The  fllameDta  of  the  fnogl  Srst 
Inrade  the  open  spaces  then  attack  the  roung  plant,  (a)  Outer  bran 
1a;er ;  (b)  Inner  bran  lajcr  under  wblcb  the  fucgl  uiuallj  penetrate; 
{q)  Sheath  covctIdr  the  bud  end  ot  the  embrjo  rplumnle)  ;  (L)  Pint 
l«af',  (0)  Feeding  organ  (scntellum)  nblcb  la  often  cut  off  from  tbe 
food  anppir  br  invadloK,  embryo  btlghtliig,  fungi ;  (1)  stem  end  ot  grain. 


Northwest  produce  grsin  of  hard  texture,  more  difficult'  to 
crnah  than  Bome  of  the  hardest  Durum  varieties  when  grown 
under  moist  esrth  and  atmospheric  conditions.  Agaia,  the 
Durum  wheats  (hard  varieties)  may  make  floor  of  high  quality 
for  bread  making  while  the  bread  wheats,  under  certain  con- 
ditions of  growth  and  under  certain  lines  of  selection,  may  be 
very  starchy  in  character,  fit  only  for  the  production  of  low 
grade  flour.  The  same  vairiety  may  produce  a  hard  berry  of  ( 
high  gluten  content,  or  a  soft  one  of  low  gluten  content,  accord- 
ing to  the  cropping  conditions. 

If  these  statements  are  fairly  accurate,  many  farmers  sadly  | 
neglect  the  most  important  steps  and  the  most  important  con- 1 
ditions  for  making  high  class  grain  for  milling  purposes. 


— A  Bad  Case  of  Potato  Scab.  There  waa  a  time  wben  potatoes  nere  tbug 
marked  that  wrlten  aald  ;  "The  sal]  la  eibausted  (or  potatoes."  Since 
we  baTt  learoed  to  propprl;  select  aad  dislpfcct  tbc  geed  tubers  and 
to  dlalnfeet   tb«  aall    b;   proper   crop   rotatloo,    one   does   not   apeak   of 


New  Varieties  and  Their  Influence  on  Wheat  Croppii^:   : 

There  are  now  many  varieties  or  selection  strains  within  varie-  ( 
ties  which  may  be  said  to  be  "new"  in  agriculture.     Unfor- 
tunately not  all  of  these  are  valuable  additions  to  commerce.  ' 
Within  late  years  there  has  been  an  intense  desire  on  the  part 
of  farmers  to  try  new  varieties  of  grain  and  discard  old  ones, —  , 
a  sort  of  craving  to  get  something  for  nothing,  and,  as  in  com- 
mercial life,  this  has  often  resulted  in  loss.     The  farmer  has 
thus  often  lost  sight  of  the  standard  sort,  has  gained  nothing   j 
of  value  in  the  new  variety,  and  has  failed  to  learn  how  to  im-   ■ 
prove  the  old  or  any  other  variety. 


So  far  as  change  of  seed  is  concerned,  if  cropping  to  a 
new  variety  is  practised  in  an  intelligent  manner,  with  s  deter- 
mination to  give  the  variety  a  careful  teat,  by  keeping  it  sepa- 
rate and  by  improving  it  to  its  highest  worth,  there  could  be 
few  words  of  disapproval,  bat  no  one  can  say  too  much  or  too 


,  harsh  a  thing  against  the  constant  trial  of  new  varieties  and 
the  constant  experimenting  in  the  exchange  of  seed  from  soil 
to  soil,  if  it  is  associated  with  no  special  effort  toward  improv- 
ing a  quality  when  once  procured.  No  community  ever  made 
a  success  pf  any  business,  or  in  farming  operations,  when  all 
of  its  individuals  attempt  to  produce  a  different  line  or  type 
of  product.  A  community  makes  a  success  and  a  reputation 
for  its  goods  because  its  members  know  how  to  produce  goods 
of  equal  quality  and  uniform  type,  such  as  the  market  world 
knows  and  recognizes  as  of  value.  The  whole  community  is 
benefited  for  the  market  look*  to  that  community  for  that  sta- 
ple product.  How  can  a  wheat  growing  region,  Buoh  as  ITorth 
Dakota,  expect  to  hold  its  repatatdon  for  h^  grade  wheat,  if 
its  individual  farmers  persist  in  hunting  for  a  new  varietT' 
every  year,  or  pendst  in  carelessly  brin^r  the  seed  that  some- 
body else  grew  somewhere  else?  This  method  results  in  a  mix- 
ing of  varieties,  strains  and  kinds  and  tends  to  deterioration 
of  the  value  of  the  crop.     The  crop  loses  uniformity  and  qnal- 
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ity,  and  as  a  living  entity  is  subject  to  all  of  the  ills  of  a  mixed 
race.  After  years  of  experimental  work,  it  is  probably  true 
that  of  all  the  so-called  new  wheats  of  the  Northwest,  there  is 
not  a  single  variety  which  exceeds  the  possibilities  of  the  stand- 
ard old-time  Scotch  Fife  and  Blue  Stem  wheats. 

The  records  of  the  State  Pure  Seed  Laboratory  for 
the  past  four  jrears  show  that  it  is  essentially  impossible  to 
procure  any  large  volume  of  seed  of  any  variety  of  the  wheats 
now  grown  within  the  state  of  North  Dakota  which  is  true  to 
type.  There  is  always  a  percentage  of  some  other  kind  of 
wheat  in  the  grain,  due  largely  to  the  fact  that  farmers  prac- 
tice seed  exchange  rather  than  seed  improvement  and  conduct 
no  legitimate  crop  rotation.  There  can.  be  no  intelligent  im- 
provement of  the  kinds  of  wheat  grown  in  a  given  commnnity 
until  the  majority  of  the  farmers  there  settle  down  to  the  grow- 
ing of  but  a  few  types  of  grain,  and  unite  in  a  conunoE*  effort 
to  improve  the  quality  of  these  by  selecting  and  grading  all 


Table  No.  III. — The  Effect  of  Treated  and  Untreated  Seed — S tooling  and 
Head  Formation  on  New  Lands :  Many  plantings  have  been  made  upon  virgin 
aod  lands  in  which  the  top  sod  has  been  removed  for  'the  purpose  of  ascertain- 
ing; the  effect  of  disease  upon  the  stooUng  and  heading  when  planted  on  such 
clean  land.  All  plants  were  planted  an  equal  distance  apart  and  upon  the  same 
day. 

Variety  of  Wheat — ^Durum,  Arnautka.  Seed  of  fair  quality  variously 
diseased.  Table  gives  result  from  crop  1913  under  very  dry  conditions,  and  Is 
based  upon  use  of  18  Individual  seeds  In  each  case.    (See  Fifft,  8,  10  and  iB.) 


Bxp.  No. 

Condition  of  Seeds. 

Average  number  of 
stools  per  plant. 

Average  number  of 
heads  per  plant. 

6 

1913  (Mllbrath's  Records). 
1913  (Mllbrath*8  Records). 
1913  (Mllbrath's  Records). 
1913  (Milbi9ith*8  Records). 
1913  (M11brath*8  Records). 

Seeds  Untreated 
Black  pointed  grains. 
Pink   colored  grains. 
Seeds  pnrlfled  by  disinfect- 
ing with  IIgC]2 
Seeds  Untreated 

9.66 
16.16 
6.9 

21.7 
10.8 

6.66 
9.25 
3.6 

14.0 
6.6 

seed  for  sowing  purposes.  It  is  impossible^  by  means  of  fan- 
ning mills,  to  make  any  intelligent  selection  from  a  crop  of 
wheat  which  is  made  up  of  two  or  three  varieties.  There  can 
be  no  crop  improvement  under  these  conditions. 


Susceptibility  to  Disease:  Each  particular  variety  has  its 
own  susceptibility  to  disease  and  its  own  peculiar  period  of  rip- 
ening»  each  of  which  features  may  have  a  very  definite  and 
peculiar  influence  on  the  crop  in  a  particular  neighborhood. 
11  farmers  hope  to  escape  the  destructive  influence  of  wheat 
it  will  be  quite  necessary  for  most  of  them  in  a  given 


nei^borhood  to  nnLte  upon  a  sLogle  variety  in  order  to  erst 
nnifonnity  of  growtb  with  refertnce  to  its  matnri^  When 
several  varieties  are  grown  in  ttie  same  commnnit?,  some  of 
the  varietiei  are  sure  to  be  destructively  attacked  by  disease  and 
from  soeh  attacks  great  injuries  come  to  snrrounding  fields  of 
crop  which  ordinarily  would  not  be  so  affected.  For  example, 
a  variety  which  rusts  very  badly  and  matures  early  is  apt  to 
be  very  destructiye  to  sorrounding  wheat  which  matures  later, 
even  though  the  late  maturing  variety  may  be  of  a  type  mnch 
more  resistant  to  rust.  Winter  wheat  crops  interspersed  among 
the  fields  of  the  spring  crop  act  destructively  upon  the  spring 


rig.  T. — WheD  looBe  gmot  o(  whrat,  M  abowo  Id  (a)  atid  (b)  takes  all,  ooe  does 
not  ta;  tbe  boII  Is  exhaDsteil  tor   vbeat  bat  that  an   Infectious  dis- 
ease  trBDamltted   thru  the  ale  and  otherwise  bat  caused  the   iDjnry. 
-  When  root-rots  and  seed  bllghtliig  langl  cause  tbe  heads  to  fall  to  flii, 

as  to  tbe  case  of  <c),  and  tbe  griln  to  be  badl;  sbrlTelled,  as  In- 
dicated Iti  Figs.  1-3,  many  people  bave  complained  tbat  "the  soil  la 
exbauBted".  "tbat  Its  fcttlllty  baa  been  used  up",  or  tbat  tbe  cllmaUc 
laBueDCCB  are  bad,  etc. 

wheats  for  the  reason  that  a  general  infection  of  various  wheat 
diseases  is  brought  upon  the  spring  crop  earlier  than  it  other- 
wise would  have  to  meet  it.  Winter  wheat  growing  is  antag- 
onistic to  spring  wheat  production  in  the  same  region. 

Value  of  Home  Grown  Seed:  In  comparatively  late  years 
there  have  been  separated  from  the  main  wheat  types  or  forms 
a  very  large  number  of  strain^  or  varieties.  These  have  been 
picked  out  by  experimenters,  and  have  been  tried  out  by  the 
farmers  apparently  more  as  a  matter  of  curiosity  than  thru  any 
consistent,  purposeful,  united  effort  to  improve  the  yield  or  the 


food  value  of  the  grain.  These  auiuejoua  modem  varieties  or 
strains  indicate  how  very  susceptible  the  wheat  plant  is  to 
structural   and    physiological  variations  and  iildicate  that  it 


FIc.  8. — Thli  pbotograph  ibowi  typical  beads  of  Fife  wheat  properlj  BUed,  groirn 
on  Boil  that  bss  produced  Forty  coDsccutivc  crops  of  wheat,  but  the 
Mil  SDd  Beed  bad  been  purified,  Tbe  three  bllRbted  heads  are  typical 
or  mauj  beads  which  mar  be  always  found  lu  wbeat-slck  soli,  regard- 
leu  ot  how  fertile  the  soil  is,  or  what  the  tillage.  This  lack  of  ailloe  Is 
not  due  to  bad  climatic  coadltloDS  or  to  lack  ot  fertility  Id  the  soil  but 
to  fuugl  wblcb  blight  oS  the  roots  aod  prevEuC  the  seuds  from  beloR 
properly  filled  it  heading  time.  The  paraeltos  penetrate  into  all  parts 
of  tbe  slraw  and  Into  the  seeds  ot  such  heads  before  the  seeds  are  ma- 
ture, often  eattlDg  the  meturlog  Eced  off  from  cotiuectlou  wltb  the 
parent  plant. 

offers  great  hopes  of  improvement  thru  proper  breeding  and 
selection  methods  both  as  to  seed  production  and  seed  value. 
One  may  readily  hope  to  produce  grain  of  greater  milling  worth 
according  to  the  type  of  flour  needed,  and  grains  of  much  higher 
yielding  capacity  per  acre  thru  proper  adjustment  and  fixing 
of  those  varietal  characteristics  which  most  nearly  tend  to  meet 
the  local  cropping  conditions.     It  would  seem  to  be  possible 
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to  meet  the  various  difficulties  of  cultivation  which  arise 
because  of  peculiarities  of  soil,  climate,  disease  and  cropping 
conditions.  The  author  is  of  firm  belief  that  it  will  be  pos- 
sible to  procure  such  varieties  to  meet  any  oi  these  peculiar  con- 
ditions. It  should,  however,  be  clearly  understood  that  such 
varieties  cannot  continue  to  meet  these  conditions  unless  the 


rig.  9. — A  typical  young  wheat  plant 
from  a  wheat-sick  area  showing  the 
lesions  of  root  diseases  attacking 
the  plant  at  the  point  marked  '*5'* 
Just  below  the  ground  line  where 
the  plant  came  into  contact  with  a 
piece  of  wheat  stubble.  Notice  the 
essentially  dead  roots.  Such  plants 
early  begin  to  show  yellow  and 
blighted  leaves,  commonly  spoken  of 
as  "tip-burned"  or  *'sun-scalded" 
plants.  Such  plants  niay  be  found 
more  or  less  evenly  distributed  in 
the  drill  rows  even  In  the  first  crop 
on  the  newest  lands  (virgin)  of  the 
west.  When  studied  carefully,  such 
primary  crop  or  soil  infection  by 
the  root  diseases  is  usually  found 
to  be  due  to  internally  disease  In- 
fected seeds.  (See  Figs.  1,  2,  3  and 
13.)  Sometimes,  such  primary  infec- 
tions are  found  to  be  due  to  other 
causes  as  adjoining  diseased  areas, 
droppings  of  cattle,  disease  bearing 
manures,  etc. 


persons  who  grow  them  under  general  cropping  conditions 
recognize  the  manner  in  which  the  varieties  were  improved  and 
also  recognize  the  different  methods  which  are  necessary  to 
maintain  the  qualities  so  obtained.  If  a  fanner  is  not  willing 
to  select  a  particular  variety  of  wheat  from  which  to  grow  the 
main  crtyp  on  his  farm,  and  is  not  wiUing  to  grow  his  own  seed 
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on  his  own  ground,  he  can  never  be  looked  upon  as  a  grower  of 
wheats  as  a  breeder  of  shorthorn  cattle  is  looked  upon  as  a 
grower  of  high  grade  animals.  Nor  can  he  expect  to  reap  the 
success  that  shrald  naturally  follow  the  liard  work  which  is 
put  upon  the  soil.  There  are  no  carefully  planned  experiments 
which  have  ever  been  made  but  show  that  home-grown  seed 
wheat  of  the  same  breed  is  preferable  for  seeding  there  to  that 
which  has  been  grown  upon  other  land  ;^  for,  under  proper  cul- 
ture, home-grown  seed,  year  by  year,  becomes  subject  to  cer- 
tain natural  conditions  which  act  as  selective  agencies.  There 
can  be  no  hope  of  improving  the  quality  or  yield  of  wheat  for 
a  given  neighborhood  or  wheat-growing  territory  unless  the 
farmers  recognize  this  important  fact. 

Table  No.  IV. — Possible  Causes  of  Brown  Spot,  Stem  Lesions  of  Wbeat 
Near  Ground  Line :  I  Introduce  a  report  of  D.  O.  Mllbrath  on  the  fangl  present 
in  the  brown-spots  or  lesions  at  the  ground  line  of  maturing  wheat  stems,  crop 
1911.  Specimens  were  obtained  from  Plots  of  the  North  Dakota  Agricultural 
Bxperiment  Station,  from  lands  of  the  Movius  Land  Company  of  Lddgerwood, 
N.  D.,  Adam  Hass  farm,  and  Titus  Brothers  farm  at  Bdgeley,  N.  D.,  from  material 
collected  by  H.  L.  Bolley  at  Kenmare,  N.  D.,  and  by  J.  R.  Campbell  at  Cas- 
selton,  N.  D. 

<vrhe  brown  spot  is  a  creosote  colored  area  on  the  main  wheat  stem.  It  is 
often  an  Initial  lesion  or  a  continuation  of  an  infection  of  the  finer  roots.  The 
diseased  portions  were  cut  off.  In  about  one-fourth  inch  lengths  and  dropped 
in  formaldehyde  of  a  strength  of  8  parts  In  1000  for  approximately  one  minute. 
The  cultures  were  made  on  Mannlt  agar,  Lipman's  formula.  Cultures  were 
made  July  10th,  1911,  and  were  stored  at  a  temperature  approximating  4  to  10 ''C. 
Examinations  of  cultures  began  October  5,  1911,  and  gave  results  as  follows : 

Total  number   of  cultures   ^814 

Helmintho9porium,   was   present   268  times 

AUwnaria,  was   present   85  times 

Fusarium,  was  present  ... .. . 42  times 

OoUetotriohum,   was   present   4  times 

In  noany  cases  more  than  one  of  these  parasitic  fungi  appear  in  a  culture.  For 
example,  Altemaria,  FuBorium  or  Helminthoaporium  were  often  associated  in 
the  same  lesion.  There  were  also  other  fungi  which  appeared  in  some  of  the 
enltores,  the  genus  Muoor  being  quite  commonly  represented.  The  treatment 
accorded  in  this  case  was  evidently  not  strong  enough  to  eliminate  all  of  the 
exterior  saprophytic  forms.  In  many  cases  nematodes  were  found  llying  in  the 
interior — even  after  this  treatment.  It<  is  possible  that  after  tissues  of  the 
calm  are  partly  broken  down  that  these  worms  may  help  greatiy  In  weakening 
or  injuring  the  wheat  stem.  In  this  series  of  cultures  the  genus  OoUetotriohum 
furnish  comparatively  few  cultures.  It  Is  usually  a  habit  of  this  fungus  to 
grow  higher  up  on  the  stem  and  sheathes."      (See  Fig8.  9,  10  and  ii.) 

Modem  Wheat  Culture  OoxMlitians :  Since  the  beginning 
of  written  history,  it  is  apparent  that  the  wheat  crop  has  had 
periods  of  marked  success  in  essentially  all  wheat  growing  re- 
done. In  this  respect  it  is  not  tinlike  the  flax  crop.  At  first, 
wheat  is  grown  in  the  various  new  regions  into  which  it  is  in- 
troduced with  quite  uniform  success.  The  cropping  is  usually 
remunerative  under  comparatively  primitive  methods,  but  the 
period  of  such  success  is  usually  comparatively  exhort.  On  new 
lands  or  virgin  lands,  either  newly  upturned  prairie  sod  or 


8.     Bulletin  No.  17,  N.  D.  Agricultural  Bxperiment  Station  1895,  "Bffect  of 
Seed  Bxchange  Upon  the  Culture  of  Wheat' 
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deforested  lands,  the  yields  usnally  are  remmieratiTe  and  the 
miUiag  quality  high.  It  is  a  matter  of  history  that  this  period 
of  high  yield  and  high  wheat  -qaalty  on  such  new  land  areas 
has  been  limited  to'  but  a  comparatively  few  ycE^s,  after  which 


F\K.  10. —  (a)  Toang  wheat  piBLts  (rom  pnrlfled  aeedi  gtowliiK  (d  new  land; 
(b)  foaug  plants  of  tba  same  aga  In  the  Mme  loll  from  InterDil  dls- 
eaae-intected  ned.  Notice  tbe  dUFercnce  Id  the  iticnrtb  of  the  plaata. 
MoUce  the  white  color  below  the  ground  line  at  (a)  In  the  healthy  plants. 
Notlco  the  dark  colored  lealons  of  dlieaae  at  (b)  on  the  plsnti  trom 
the  Infected  leed.  lotected  seed  upon  new  land  atarta  the  trouble 
known  aa  wheat  deterloradoD  nnder  eonatant  cropping. 

both  yield  and  quality  rapidly  fall.  The  crop  ixaa,  in  most 
countries,  eventually  largely  given  place  to  other  crops  under 
more  remunerative  and  intensive  cultivation.  In  a  few  conn- 
tries  the  crop  has  held  its  place  as  one  of  the  chief  crops  only 
because  of  intensive  methods  which  far  excel  the  work  which 
is  characteristic  of  the  crop  under  new  land  agriculture.  The 
United  States,  Russian,  Argentine,  Canadian  and  Australian 
areas,  at  present,  illustrate  this  type  of  wheat  cropping  under 
new  land  agricnltaral  conditions.     Remonerative  crops  on  vir- 
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11. — Stools  of  wheat  taken  from  wheat-sick  ground.  Crop  1913,  showing 
what  I  have  called  "crinkle  joint'*  or  "break-over  disease."  Notice 
the  big  swellings  on  the  straw  above  the  second  Joint  and  the  crooks 
'  and  dark  markings.  Notice  also  the  blighted  stools  at  the  base  of  these 
plants  and  that  the  Internodes  and  nodes  near  the  ground  are  abnor- 
mally small.  This  is  not  an  insect  trouble  as  many  have  supposed 
but  a  fungus  infection  associated  with  weather  conditions.  The  straw 
often  finally  breaking  over  as  shown  at  (o)  in  Fig.  12.  When  wet 
weather  follows  a  drouth  in  the  early  development  of  the  straw,  this 
trouble  is  pronounced  on  wheat-sick  soils  or  in  fields  on  which  disease 
bearing  seed  is  used. 
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gin  soil  may  there  be  seen  along  side  of  poor  unremunerative 
crops  upon  so-called  ** worn-out"  lands  due  to  general,  exten- 
sive w'heat  culture. 

The  wheat  lands  of  Germany,  Holland,  Belgium,  England 
and  France,  represent,  quite  generally,  remunerative  wheat  cul- 
ture under  intensive  or  improved  cropping  methods  upon  soil 
of  long  known  wheat  production.  The  length  of  time,  there- 
fore, under  which  a  country's  soil  has  been  cropped  to  wheat 
and  to  its  allied  cereal  crops  is  not  to  be  considered  a  criterion 
as  to  the  ability  of  that  soil  to  produce.    One  must  conclude 

Table  No.  V. — Parasitic  Fungi  on  the  Interior  of  Nodes  and  Intemodes : 
Table  prepared  by  T.  D.  Beckwith  from  the  crop  of  1900  from  a  careful  study 
of  cultures  obtained  from  two  hundred  nodes  and  internodes  aboye  the  second 
Joint  of  wheat  which  was  in  the  dough  stage  of  development,  growing  on  wheat- 
sick  soil,  shows  how  commonly  certain  genera  are  present  on  the  interior  of  the 
straw.  Short  sections  of  the  node  and  internode  were  soaked  for  approximately 
one  minute  in  formaldehyde  of  the  strength  of  one  part  in  a  hundred.  Mr. 
Beckwith's  cultures  on  analysis  showed  the  following  results  in  percentages.  In 
most  cases  the  diiferent  genera  were  all  associated  in  the  same  straws. 

NODES. 

Colletotriohum    57.0 

Macroaporium    53.6 

Heltninthoaporium   40.5 

Fuaarium    33.5 

INTBRNODBS. 

CoUetotriohum    52.5 

Macroaporium    33.0 

Helminthoaporium    34.5 

Fuaarium    27.5 

As  in  Table  No.  VI  Mr.  Beckwith  used  the  word  "Macrosporium"  to  cover 
both  the  form  Altemaria  and  Macroaporium.  A  type  of  Altemaria  we  have 
since  found  to  be  uniformly  distributed  throughout  wheat  growing  districts 
and  parasltically  destructive  on  wheat  at  all  ages  and  in  all  its  parts.  (See 
Figs.  11  to  15,  inclusive.) 

rather  that  production  of  the  crop,  both  as  to  quality  and 
quantity,  is  much  more  dependent  upon  climatic  features,  soil 
textures,  and  upon  methods  of  cropping  than  upon  special  soil 
merit  as  to  lasting  fertility.  If  wheat  once  thrived  well  in  vir- 
gin soil  and  climate,  it  is  not  likely  that  the  soil  may  soon  per- 
manently lose  the  qualities  essential  to  that  crop.  So  far  as  fhe 
history  of  croppir^^  is  concerned,  the  types  of  earth  formation 
immediately  underneath  a  wheat  soil  are  of  much  more  import- 
ance  than  the  exact  chemical  fertility  of  tiie  upper  ten  inches. 
The  surface  soil  areas  may  be  modified  by  men  thru  cropping 
methods,  but  snch  modification  for  better  or  for  worse,  so  far 
as  fertility  is  concerned  can  only  be  temporary.  The  supplies 
of  plant  food  from  which  the  cropping  area  of  the  soil  are  re- 
newable lie  in  the  atmosphere,  and  in  the  earth  layers  beneath.  It 
is  thus  hardly  probable  that  any  system  of  cropping  will  result 
in  permanent  deterioration,  but  th^re  can  be  no  doubt  that 
under  certain  methods  the  immediate  results  may  be  quite  dis- 
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W«.  12. — ^Typical  str&ws  showing  break-over  disease  and  peculiarities  of  the 
rootB  associated  with  lack  of  stooling.  Notice  at  (a)  the  tendency 
to  form  roots  above  the  ground  line, — to  re-root.  This  is  due  to  the 
-  fact  that  the  lower  roots  are  blighted  oflT  by  disease.  When,  after  a 
severe  drouth,  a  heavy  rain  falls,  the  heads  shoot  up  rapidly,  the  straws 
enlarge  and  become  ramified  with  the  root  funri  as  shown  at  (s) 
Pig.  13.  and  finally  break  over  as  at  (o),  in  this  figure. 


astrous.  A  cropping  system,  nowever,  which  Ib  of  such  nature 
as  to  satisfactorily  malDtaic  the  crop  yields  during  the  life  of 
the  men  who  are  doing  the  cropping  is  not  apt  to  injure  the 
land  for  the  following  generation.  It  is,  however,  a  well  known 
fact  that  few  farmers  are  able  to  keep  up  the  yield  and  quality 
of  cereals  under  a  system  of  culture  which  calls  for  anything 
like  a  continuons,  co-extensive,  contiguous  one-crop  system  over 
large  areas. 

Thus,  it  Ib  evident  that  some  regions  of  the  earth  may  al- 
ways be  looked  upon  as  in  condition  to  furnish  suitable  remun- 
eration thru  w'heat  production  when  the  methods  of  cropping 
are  such  as  to  provide  for  the  health  of  the  crop.    This  sum- 


FlK.  m.— SkeCFbes  to  lllnBtrate  apedal  effecta  of  n> 
ternall;  Infected  aecd  b^ns  to  germlDBte, 
are  attacked  bj  Qlamenti  of  moM-Uke  tnngl 

Such  a  plant  when  It  reaebeg  the  age  of  Eei „ 

aod  attempts  to  re-root   aa  shown  Id   Fig.   12,  and   has 

stoolB  that  never  develop  as  (b)  and  (c)  of  the  middle  ._, 

break-over   disease   the   Btems   nearl;   alvaya   enlarge   bet 


ot  diseases.    When  an  lu- 
lls voDog  stem  and  loota 
.  as  abown  at  (a)  and  (b). 

It  reaches  the  age  of  heading  bat  manv  daad  roots 

root   aa  shown  In   Fig.   12,  and   has  manf   blighted 

develop  as  (b)  and  <c)  of  the  middle  figure.     In  the 

■    *'■     "  'lefore   breaklns 


over.     The  beodlnft  or  breaking  over  nsQallj  occurs  lag 
at  a   point  Id   which  the  tnngf  have  thomngblj   broken   aoim   the  IIB- 
saes  and  tamifled  tbe  stmcture  of  the  straw  wblle  It  la  soft  or  aoc- 
culeot,  aa  at  (h)  In  skttch  marked  "m",   (Drawing  bf  Mllbratb). 

marization  would  seem  to  be  borne  out  by  the  history  of  wheat 
cropping.  For  those  countries  which,  since  written  history, 
have  produced  and  used  wheat  in  the  largest  amount,  and  have 
shipped  the  greatest  volume  of  wheat  and  allied  cereal  and  for- 
age crops  into  distant  lands,  including  the  animal  life  which 
has  been  reared  upon  such  crops,  are  yet  the  producers  of  wheat 
in  the  most  valuable  and  remunerative  yields.  It  is  hardly  to 
be  proved  that  these  countries  have  ever  added  fertilizers  to 
sneh  lands,  in  the  entirety,  equivalent  to  that  which  they  have 
drawn  oat  of  them.  The  writer  is  firmly  of  tiie  belief  ttiat  the 
IHreseut  increaaed  yields  in  suoh  coimtoies  are  more  largely 
due  to  methoils  of  seed  selection,  care  of  the  seed  and  oare  of 


the  Mil  than  to  fertiUty  added.  Were  it  not  ao,  agriculture 
would  long  since  have  bankrupted  the  best  farms  in  the  world 
for  it  is  always  the  condensed  products  of  the  animal  and  plajit 
life  which  are  sold  away  from  the  land.  The  better  the  farm- 
ing and  larger  the  income  to  the  owners,  the  more  certain  it 
is  that  the  balance  has  always  been  against  the  land.  This  is 
cot  an  ar^nment  against  the  use  of  every  available  means  to 
increase  tihe  fratUity  ot  the  soil,  but  I  call  attention  to  these 
matters  that  the  reader  may  see  how  evident  it  is  that  theret 
are  some  other  oonitant  factors  wluoh  are  more  influential  in 
the  production  of  crops  than  mere  soil  fertility. 

Wheat  Deterioration  on  New  Lands:  Regardless  of  the 
foregoing  discussion  and  ideas,  it  is  a  fact  that  American  lands 
which  are  specifically  suited  to  wheat  cropping,  when  consecu- 
tively cropped  to  wheat,  soon  deteriorate  in  capacity  to  pro- 
duce the  crop  both  in  yield  and  quality.  Apparently  only  the 
soils  of  England  and  the  most  intensively  cultivated  lands  of 
the  old  world  are  able  to  maintain  a  yield  which  may  be  said 
to  be  improving.  Yet,  I  think,  no  one  who  is  reasonably  famil- 
iar with  the  lands  of  England,  France,  the  Netherlands  and 
Germany  would  contend  that  these  are  soils  of  natural  texture  ' 
and  fertility  exceeding  those  of  the  American  plains  and  espe- 


Ftg.  1C — CroM  (ecUoQ  at  wbeat  item  thra  tbe  lecotid  luterbode,  sbowtng  lo- 
cation of  point!  or  attack  od  tlMuea  b;  stem  InvBdliig  tuDKi  wblcb 
caaK  the  DKak-ovcr  or  crlnhle-jolnt  dlseaie. 

cially  those  of  the  Bed  River  Valley  of  the  North,  or  the  wheat 
areas  of  Ohio,  Indiana,  Oklahoma  and  Kansas.  Furthermore, 
it  would  seem  to  be  impossible  that  the  wheat  crop,  or  any  other 
series  of  crops,  in  rotation  should  in  the  matter  of  5,  10,  20,  or 
40  years  so  reduce  the  fertility  as  to  account  for  the  deter- 
iorated types  of  grain  and  yields  which  are  represented  by  the 
twelve  and  a  half  bushel  average  crop  for  the  best  of  these  Amer- 
iean  areas.  It  is  a  strange  fact  also  that  American  soils  of  texture 
and  chemical  quality  comparable  to  each  other  have,  in  the 
hiatory  of  the  crop,  not  been  comparable  at  all  in  regard  to  the 
speed  with  which  tbey  reach  the  condition  in  which  they  pro- 
dace  the  average  deteriorated  crop.    New  wheat  lands  thruout 


the  cotmtry,  even  under  rough  culture  as  to  seed  and  tillage, 
have  usually  produced  from  20  to  40  bushels  of  wheat  of  good 
quality.  Some  of  these  areas,  under  rather  continuous  crop- 
ping, have  continued  to  produce  20  to  30  bushels  per  acre  for 
periods  exceeding  twenty  years  while  other  areas  of  equal  fer- 
tility and  of  similar  chemical  and  physical  texture  have  fallen 
to  the  low  average  of  10  to  15  bushels  in  but  a  few  years— four 
or  five  of  constant  cropping. 

Old  Wcnrld  Areas  ContiMted  with  New  Land  Areas :  'Hiere 
are  two  or  three  features  involved  in  the  methods  of  agricul- 
ture of  the  old  world  and  new  world  regions  which  may  quite 
naturally  account  for  the  difference  noticed  in  the  crop  returns. 
Id  the  new  land  areas  of  America,  there  is  no  continuous  or 
proper  consistency  with  regard  to  crop  rotation,  and  but  poorly 
systematized  methods  of  making  use  of  farm  fertilizers.  This 
is  true  to  such  extent  that  the  land  of  a  given  region,  such  as 
the  Red  River  Valley  of  the  North,  or  the  wheat  regions  of 


Fig,  15. — Sketch  Bbowlng  dlsorga Dilation  ol  the  cellular  portloD  of  a  wbeat 
root  as  accaeloned  br  ooe  ol  the  itaraalteB  commoDl;  active  Id  root 
destructlan,  nrnae  AltcrnarlR.  (Sketch  b;  Hilbrath.)  Soot  destrnc- 
ttoD,  BS  la  the  case  ol  flax  wilt,  la  chiefly  occagloned  b;  deeortlcatlOD 
near  the  point  ot  attack, 

Minnesota,  Kansas  and  Oklahoma,  may  be  said  to  be  essentially 
under  continuous  wheat  cultivation.  The  fields  are  so  cloaely 
contiguous,  continuous,  and  the  time  from  crop  to  crop  rep- 
resents such  slight  intervals  that  the  land  may  be  said  to  have 
no  rest  from  the  crop  and  its  infiuences;  while  in  the  wheat 
areas  of  England  «nd  of  other  wheat  producing  areas  of  the 
old  world,  farm  practice  is  much  more  intensive  and  systema- 
tized. There  is  but  slig'ht  tendency  there  to  crop  the  land  con- 
secutively to  the  same  crop.     Long  seried  rotations  is  the  rule. 
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Individual  fields  are  less  continuous.  There  are  many  crops  of 
variable  type.  Orchard  and  forest  lands  intervene,  and  arti- 
ficial and  farm  made  fertilizers  are  used  systematically  and 
quite  intelligently  as  to  the  needs  of  each  crop. 

There  are  very  good  reasons  why  the  two  methods  produce 
quite  different  results  as  to  yield  and  crop  quality,  tho  the 
actual  soil  fertility  may  be  quite  comparable. 

Deterioration  in  Wheat  Yields  Due  to  Boot-rots  and  Blight 
Prodncing  Diseases :  For  a  number  of  years  the  writer  has  beeu 
convinced,  thru  his  observations  and  experiments,  that  the  les- 

TnhiA  No.  VI.  Effect  of  Different  Methods  of  Fertilizing  Wheat-sick  aoif 
or  Purlfvlng  it  on  the  Development  of  Wheat  Stem  Diseases,  as  Shown  in 
Second  Node  and  Internode.  Crop  1009 :  The  figures  given  represent  percentages 
of  times  in  which  the  various  fungi  appeared  in  the  cultures.  (Cultures  and 
table  by  T.  D.  Beckwith ;  Table  originally  published  in  Twentieth  Annual 
Report,    North    Dakota    Bxperiment    Station,    with    other   data.) 
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[  67  I  63.61  40.61   32   133.51152.51   33   |  34.6  j  27.5 1  16.5 


A  study  of  this  table  indicates  that  no  form  of  artificial  fertilixing  or 
soil  trtatment  on  which  wheat  will  survive  may  be  expected  to  eliminate  the 
wheat-root  and  wheat-stem  diseases  without  accompanying  the  work  by  seed  treat- 
ment. However,  the  table  indicates  that  some  of  the  fertilizers  reduced  the 
attack  of  most  of  the  fungi  upon  the  nodes  and  Internodes  very  materially  as, 
for  example.  In  the  case  of  bone  flour  and  phosphate.  It  must  be  also  remembered 
that  these  are  small  plots  surrounded  on  all  sides  by  diseased  grain  and  the  bene- 
fits from  oertaln  ■oil  treatments  would  probably  be  much  greater  on  larger 
single  areas.  This  table,  associated  with  Table  No.  IV  and  Table  No.  V  and 
Bumerous  other  similar  analyses  convinces  us  that  the  organisms  found  in 
the  seed  and  found  in  the  soil  ramify  all  parts  of  the  straw.  (See  Figures 
10,  11,  12,  18,  14  and  16.) 

NOTE :  In  this  table  Mr.  Beckwith  uses  the  word  Macroaporium  in  a  sense 
whidi  eo-^ers  both  Maoro9p9rium  and  Altemaria,  Later  investigations  seem 
to  indicate  that  Maorosporium  is  comparatively  uncommon  while  Altemaria 
Is  the  common  form. 


. — Id  order  to  coDduct  proper  cron  InocDlatloD  ciperlmeDts  it  wu  uec- 
eiMr;  to  ascertain  some  metbod  at  frowlng  wheat  planti  or  wtaeftt 
aeedllDgs  free  troin  root  dlBeaiea.  Tbls  work  was  andertaken  Id  1897 
and  In  186S  was  perfected  Id  aacb  form  ai  to  make  It  posalble  to 
grow  plants  as  BbowD  Id  FIK'  (la)  wltb  pare  white  roots.  iDternallr 
Intected  BeedUDsa  wtll  not  prodoce  Bucb  roots  eTeo  tho  eitarnBl);  dls- 
iDfected.  Mbd;  normal  appearlDS  wbeat  seeds,  aa  abowD  at  (la)  boTar 
Kermloate  because  the  embrro  is  lillted.  Notice  the  black-rooted  wtiaot 
L  (6).    Tbls  seedling  coald  Dot  have  produced  DonDal  wbeat  on 


Fie.  17- — Thit  work  of  s««dllDK  partflcatloo  I  beli«ve  to  b«  orlglaal  in  Its 
method.  It  has  allowed  us  to  t«l]  with  rfasaoable  accuracy  wbpu  a 
wbeat  or  other  cereal  plaotlet  l»  free  from  dlseaac  and  thus  allows  ot 
CToaa -Inoculation  with  dlseaaee  of  other  plaatB.  This  figure  tboWB  at 
(6)  a  healthy  wheat  plant  with  white  roota  due  to  proper  leed  purl' 
llcatlOD  and  growing  In  a  special  aoll  agar  normally  without  the  pres- 
ence of  any  other  orgaDlam ;  (S)  a  diseased  wheat  seed  wblch  was 
SDrlfled:  (7)  a  grain  of  barley  eiternally  purlfled.  but  Internally  lu- 
ected.  NoUce  Its  blighted  second  leaf  and  black  roots.  (Cultures  by 
UUbrath). 

sened  yields  of  wheat  upon  normally  well  cultivated  bat  old 
wheat  lands  of  the  Red  River  Valley  and  various  other  spring 
wheat  areas  of  the  Northwest  are  not  due  wholly  to  soil  deter- 
ioration as  to  available  plant  food.* 

4.  "Tbe  Du  ot  (be  Centrlfoge  In  DlagnoslDg  Plant  DiseaseB",  23d  Annual 
Meeting,  Society  for  the  Promotion  of  Agrlcnitnral  Science,  1603 ;  See  13tb 
Annaal  Report  of  N.  D.  Experiment  Statton  1903-07 ;  Annual  Report  1907.  SOth 
Annual  Seport  1910;  "Plans  For  Procuring  Disease  Resistant  Crope".  2Stb 
Annnal  Meeting  Society  for  the  Promotion  of  Axdcnltura]  Science  1907 ;  "In- 
tarpretatlons  ot  Resnlts  Noted  in  Biperiments  Upon  Cereal  Cropping  Metbods 
After  Soil  Sterlliiatlon,"  Protvedlngs  of  American  Society  o(  Agronomy.  Vol.  3, 
1910 ;  "Conaervatlon  of  the  Purity  of  Soils  in  Cereal  Cropping,"  Glh  Annual  Dry 
Farmliig  Congress  at  Spokane,  Wash..  Oct.  1010,  Science  Oct.  31,  1910;   N.  D. 


It  ia,  'however,  quite  commonly  asserted  and  hss  been  the 
usual  belief  that  such  reduced  yields  should  be  largely  attri- 
buted to  a  loss  of  humus  and  of  available  nitrogen  in  the  soil, 
while  some  contend  that  phosphates,  lime  and  various  other 
mineral  matters  are  either  wanting  or 
have  been  too  largely  removed  by  the 
eonstant  cropping. 

Our  experiments,  consisting  of  care- 
fully planned  plantings  and  pure  cul- 
ture experiments,  under  greenhouse 
and  field  conditions  upon  virgin  soil 
and  old  wheat  soils,  covering  a  number 
of  years,  conducted  for  the  purpose  of 
trying  out  various  ideas  as  to  the  cause 
of  such  deterioration,  have  each  year 
given  evidence  that  the  gradually  re- 
duced yields  and  grain  quality  are  not 
necessarily,  directly  associated  with  a 
deteriorated  nitrogen  condition,  or 
other  chemical  deficiency,  but  are 
brought  about  primarily  by  specific 
crop  diseases  which  are  more  or  less 
affected  by  the  characteristics  of  the 
soil  and  seed,  and  specifically  by  atmos- 
pheric conditions. 

The  results  of  these  experiments  aire 
of  such  a  nature  as  to  show  that  the 
chief  cause  of  the  general  deterioration 
of  the  yields  of  wheat  on  Bed  River  Val- 
ley Lands,  aside  from  such  well  known 
diseases  as  rusts  and  smuts,  rests  in  the 
action  of  parasitic  fungi,  causing  root- 
rots,  and  root  blighting,  and  wilting 
and  blighting  of  the  straw  and  seeds, 
BO  that  even  on  fertile  lands  l^e  yield 
and  qufUity  of  the  seed  may  be  reduced 
to  such  extent  as  to  deceive  one  into  be- 
lieving  Uiat  the  land  is  worn  ont  for 
wheat.    ' 

This  is  very  important,  and  may  well, 
give  much  hope,  for,  if  such  losses  are 
largely  due  to  parasitic  action  and  poor 
sanitary  condition  of  soil  and  seed  ra- 
ther than  to  material  losses  in  native 
fertility,  possible  remedies  may  lie  in  different  lines  of  proced- 
ure than  usually  advocated.  These  experiments  seem  to  fur- 
nish a  material  basis  for  the  belief  t^at  proper  handling  of  the 


Fts.  18.— A  Dormal  hesltbr 

(iroperl;  purified  stxH- 
iDK  wheat  plant  Notice 
tb«  sturd;  Btalk  farm  ot 
the    p[aDt    nnd    Ita    pure 
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crop  and  soil  for  disease  prevention  may  largely  restore  the 
yielding  power  of  such  soils  without  great  cost. 

Oonditioiui  as  Observed:  As  previously  afSrmed^  (1)  Con- 
tinnous  wheat  cropping  has  been  chiefly  instrumental  in  the 
introduction  of  wheat  parasites  into  the  soil  and  into  the  seed. 
These  parasites  are  carried  in  various  ways  from  field  to  field 
and  especially  are  transmitted  from  crop  to  crop  by  way  of 
the  seed,  crop  rubbish,  etc. 

(2)  Thru  the  practice  of  continuous  wheating,  soils  in  many 
cases  have  become  infected  by  from  one  to  four  or  five  definite 
parasitic  fungi  which  attack  after  the  same  manner  as  the  fia<x- 
wilt  fungi  attack  and  destroy  the  flax  crop  on  old  flax  lands, 
and  therefore  such  wheat  lands  may  be  said  to  be  ''wheat-sick" 
in  exactly  the  same  sense  thfit  old  flax  lands  have  previously 
been  termed  "flax-sick." 

(3)  Various  types  of  fertilizers  and  chemical  substances 
applied  to  the  soil,  and  various  methods  of  treating  the  soil, 
have  a  marked  effect  upon  the  type  of  injury  that  these  fungi 
are  able  to  accomplish.  For  example,  by  special  treatments  of 
such  old  ''wheat-sick"  lands  we  have  been  able  to  heighten 
the  destructive  effects  of  the  diseases  upon  the  crop.  In  cer- 
tain other  cases  we  have  been  able  to  greatly  improve  the  char- 
acter of  the  seed  and  straw  produced. 

(4)  These  diseases  may  attack  the  crop  directly  by  way  of 
the  soil^  or  thru  wind  blown  or  water  carried  spores.  In  some 
cases  the  native  sod  lands  are  found  to  be  already  infected. 

(5)  The  destruction  of  the  crop  so  far  as  reducing  the  yield 
of  plump  seed  is  concerned,  seems  to  be  quite  closely  propor- 
tionate to  the  speed  of  maturity  and  to  the  hardness  of  the 
straw.  A  stiff,  harsh  straw  suffers  less  than  a  soft  succulent 
straw. 

(6)  While  there  is  sufficient  available  fertility  in  most  nat- 
ural wheat  soils  to  produce  an  abundant  growth  of  straw,  the 
quality  of  the  straw  produced  is  often  of  such  nature  that  when 
attacked  by  the  various  soil  and  seed  infesting  fungi  it  is  un- 
able to  resist  and  the  grain  fails  to  fill.  Often  the  roots  are 
destroyed  and  the  young  grains  are  cut  off  from  the  mother 
plant  by  the  fungi  before  the  milk  stage  is  reached  with  the 
result  ^at  all  of  the  grains  of  a  head  or  most  of  them  are 
shrivelled.  The  action  of  the  fungi  is  greatly  heightened  by 
hot,  moist  weather  and  poor  drainage.  The  fungi  often  attack 
the  grain  internally  and  usually  fruit  upon  the  straw,  giving 
an  ashy  or  grayish  to  smoky  appearance  on  the  upper  portions 
and  to  the  stubble  after  harvest. 


S.    See  "Conaerratlon  of  the  Purity  of  the  BoUb  and  Cereal  Cropping/'  Science 
October  21,  19107  and  "C«teal  Cropping",  Science,  Angnst  22,  1913. 


A  Complex  Problam:  The  problems  involved  in  this  sani- 
tary qneBtion  of  soil  and  seed  infection  resulting  in  wliat  haB 
been  termed  crop  deterioration  and  in  the  false  belief  Uiat  soils 
are  worn  oat  from  continuous  wheat  cropping  are  of  so  com- 
plex a  nature,  and  wheat  cropping  in  the  great  plains  of  the 
West  is  of  so  widespread,  continuous  character  that  there  will 


Ftg.  IS. — WhcD  we  found  that  seed  grains,  npecllllj  appacentlT  narmal  wheat 
EralD>  ma;  be  Intemall;  Infected  b;  the  same  tancl  b«  are  touod 
ui  the  Itraif  and  Id  tbe  roota  aad  Id  "tlp-bumed"  and  "■nn-aealded" 
leaTCB,  we  tooti  from  the  Interior  of  laeh  appareot  normal  cralni  pure 
cnlturea  of  the  various  fungi  present  At  (10)  ti  ahowD  a  pare  cul- 
ture of  a  Fasarlum  which  it  often  found  Internally  In  apparent!; 
heallb;  wheat  gralni  and  which  cauaea  the  death  of  a  Urge  percentese 
of  aeedllng  wheat  planti  both  on  new  and  on  old  wbeat  cropped  landi. 
In  the  new  landa  It  Is  aauall;  started  b;  Internallj  dlaeaaed  shrlveUed 
seeds.     (Culture  hj  Mllbrath,  1911). 

be  great  difficulty  in  accomplishing  results  in  wheat  culture 
comparable  with  that  which  has  been  accomplished  under  sim- 
ilar conditions  with  other  cropa.  It  lias  always  been  known 
that  to  grow  potatoes  on  the  same  land  for  a  number  of  years 
would  result  in  amall  yield,  scabby  potatoes  and  rot.  It  was  once 
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supposed  that  such  grounds  were  worn  out  for  potato  culture. 
When,  however,  it  was  discovered  that  potato  scab  is  an  infec- 
tious disease,  that  the  rots  and  blights  are  also  transmissible 
from  plant  to  plant  and  from  soil  to  soil,  it  was  soon  learned 
that  all  such  soils  were  not  worn  out  for  potatoes,  but  only  dis- 
ease infected.  Now  when  the  seed  tubers  are  properly  disin- 
fected and  the  vines  are  properly  sprayed  and  a  reasonable 
crop  rotation  is  maintained,  an  increase  of  crop  at  once  occurs. 
But  twenty-three  years  have  passed  since  disinfection  of  potato 
tubers  and  potato  vines  was  begun,  and  the  average  yield  per 
acre  for  old  Iiijul  areas,  once  supposed  nearly  worthless  has 
increased  perhaps  one  hundred  fold.  It  was  easy  to  make  this 
great  improvement  '»7ith  the  potato  crop  because  of  the  rather 
small  areas  involved. 

Again  after  it  was  disco vered*  that  the  assertion  that  *'flax 
is  hard  on  land"  is  incorrect  and  that  it  is  only  disease  infected 
land  which  causes  such  crop  failure,  due  to  the  use  of  disease 
infected  seed  and  to  wind  and  water  drifted  spores,  there  have 
passed  but  a  few  years  when  one  is  able  to  see  as  large  yields 
of  flax  grown  upon  old  areas  of  previously  so-called  "worn- 
out'*  flax  soils  as  wei'e  ever  previously  produced  upon  the  same 
areas  as  new  lands.  With  this  knowledge,  there  is  now  every 
hope  of  making  a  great  success  in  improving  the  flax  crop 
because,  as  with  potatoes,  comparatively  small  areas  are  in- 
volved. The  wheat  crop,  barley  crop  and  oat  crop  involve  much 
larger  areas.  Some  of  their  diseases  are  interacting  and  it  will 
be  much  more  difScult  for  our  farmers  to  make  as  rapid  im- 
provements in  wheat  cropping  because  of  these  facts.  It  can 
be  done  now  that  the  chief  reasons  for  seed  selection,  seed  treat- 
ment and  crop  rotation  are  known  to  be  principally  matters  of 
sanitation. 

Tlie  experimental  results  at  this  station  are  of  such  direct 
nature  as  to  warrant  the  statement  that  sanitary  methods  of 
soil  culture  and  of  seed  treatment,  similar  to  those  advised  for 
potato  diseases  and  for  the  elimination  of  flax-wilt  fungi  from 
seed  and  from  soil,  will  work  wonders  when  applied  to  seed 
wheat  and  to  the  so-called  '* worn-out"  wheat  soils  and  will 
do  much  to  bring  future  wheat  crops  up  to  the  old  time  stand- 
ards of  stiff  bright  straw  and  plump  grain.  Present  methods 
<tf  agricnltiire  must,  however^  be  distinctly  modifled  in  certain 
spedDe  features.  There  must  be  consistent  rotation,  planned 
with  a  view  of  eliminating  accomnlated  fungi  from  the  soil 
When  fertilizers  are  added,  it  must  be  done  with  an  understand- 
ing of  the  needs  of  the  crop.    For  example,  a  soil  which  con- 


6.    Bnlktlo  so,  "Flu  Wilt  and  Flax  Sick  Soil/'  N.  D.  Agricultural  College 
Exptrlment  Strntton,  1901,  and  Bulletin  5B,  1908. 


tains  BU  excess  of  nitrogen  as  against  phosphates,  lime,  potash 
and  other  mineral  elements  will  produce  a  slowly  ripening  soft 
Btrawed  grain  which  falls  an  easy  prey  to  the  root,  straw  and 
seed  destroying  fungi  mentioned  in  this  bulletin. 

Previous  to  wheat  culture,  therefore,  there  should  be  such 
an  adjustment  of  crops  as  to  assure  that  the  wheat  crop  which 
follows  will  not  have  an  excess  of  available  nitrogen,  or  provis- 


FiK.  20.— A  pure  inltiire  of  one  spedes  of  Helminth osporlum,  a  root  dla- 
caie  prodaelDK  tongua  wblch  1b  tranatnlttcd  botb  by  tbe  itraw  aad 
aeed  and  perslBtR  In  the  lall  upon  old  Btraw  and  itobble.  Tba  tungus 
deitrofs  much  grain  and  cauieB  mnch  shrivelllog  of  aeed  becanae  of  Iti 
actloD  OB  tbe  roota  and  lower  atema. 

ion  should  be  made  to  add  minerftl  fertilizers  sufficient  to  bring 
about  a  balanced  condition. 

Ezplaoatioiu :  This  disease  and  sanitary  theory  explains 
many  features  with  regard  to  reduced  yields  that  were  not  pre- 
viously open  to  explanation.  For  instance,  it  accounts  for  the 
fact  that  even  new  prairie  lands,  when  now  broken,  often  fail 
to  produce  plump  wheat,  accounts  for  the  effect  seen  on  over- 
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worked  Bnmmer  fallowed  lands,  or  upon  lands  which  have  been 
rather  lavishly  manured  with  farm  manures,  and,  in  part,  ex- 
plains the  evil  effects  of  some  crops  and  certain  weeds  which 
are  carriers  of  disease.  The  action  of  the  fungi  is  such 
that  they  gradually  cause  seed  deterioration  by  internal  attack, 
and  even  though  new  lands  and  properly  worked  old  lands  are 
wholly  free  from  disease,  disease  infested  seed  sown  there  starts 
the  troubles. 

It  is  hoped  that  we  may  place  this  feature  of  so-called  soil 
exhaustion  and  crop  deterioration  in  a  new  light  which  will 
allow  farmers  to  make  great  improvements  in  the  cropping  of 
this  most  important  of  all  crops — ^wheat. 

Table  Uo.  VII. — CompariBon  of  Weights  Necessary  to  Crush  Wheat  Grains 
from  Healthy  and  Unhealthy  Plants:  Hundreds  of  tests  have  been  made  each 
year  on  the  amount  of  weight  necessary  to  crush  individual  grains  of  the  various 
idnds  of  wheat  grown  on  clean  soil  and  grown  on  infected  soil ;  grown  on  soils 
of  different  fertilizer  applications,  etc.  I  give  here  a  table  compiled  from  crush- 
ing tests  for  the  year  1913  for  two  strains  of  wheat  grown  on  disease  free 
land,  bnt  from  purified  seedlings  in  contrast  with  infected  seedlings,  tested 
both  on  the  clean  land  and  on  land  which  was  infected  by  the  application  of 
dirt  from  a  wheat-sick  field. 
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Kind  of  wheat. 


Treatment 


W^ 


o 


a  • 


13 
12 
15 
3 
3 
15 


1 
1 
8 
1 
7 
2 


Durum 
Durum 
Durum 
Fife     .. 
Fife     .. 
Fife  .... 


Seedlings  Agar  Purified 
Seedlings  Infected 
Seedlings  Agar  Purified 
Akblt  purified  seedlings  .. 
Plants   Inoculbted 
Seedlings  Agar  Purified   | 


Clean 

Clean 

Diseased 

ClAan 

Clean 

Diseased 


19,677 

18,575 

19,295 

10,247 

9,575 

9,252 


The  crushing  weights  in  grams  as  given  in  table  are  averages  of  results 
from  twenty  most  normal  grains.  By  an  examination  of  these  figures  it  will 
be  seen  that  the  root  infected  plants  were  unable  to  produce  seed  of  as  high 
crushing  resistance  as  those  which  grew  from  the  white  rooted  Agar  purified 
seedlings  on  clean  soil.     (See  Figs.  16,  17,  18.) 


Symptoms  of  Deterioration  as  Noted  in  Soil  and  Seed :  The 
history  of  wheat  cropping  shows  that  at  first  new  lands  yield 
bonnteonsly  in  quantity  and  quality,  but  in  a  comparatively 
few  years  an  evident  deterioration  of  the  seed  produced  sets  in. 
The  fall  in  bushelage  per  acre  is  not  more  marked  or  more 
rapid  than  the  deterioration  in  quality  as  to  plumpness  of  grain, 
flour  content,  hardness,  color  and  other  characteristics.  By 
almost  common  consent,  many  agriculturists,  chemists,  biolo- 
gists millers  and  farmers  have  assumed,  when  such  conditions 
of  the  crop  arises  after  more  or  less  continuous  cropping  to 
wheat  and  other  cereals,  that  the  lands  have  "deteriorated." 

The  symptoms  as  observed  in  the  slow  growth  of  the  crop, 
the  dying  out  of  young  plants,  the  blighting,  ** tip-burning,'' 
**mm  scalding"  and  discoloration  of  the  young  plants,  the  weak- 
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ness  of  the  straw,  the  shrivelled  seed,  the  common  deficiency 
in  proteid  content  of  the  grain  have  all  been  taken  as  indicat- 
ing improper  food  (relations. 

I  think  I  am  safe  in  saying  that  it  has  been  quite  commonly 
aramned  that  lost  nitrogen,  phosphate,  lime  or  other  plant  food 
deficiencies  in  the  soil  are  to  be  expected  under  such  cropping 
conditions.  Furthermore,  chemists,  as  they  measure  availa- 
bility of  plimt  food^  have  found  that  such  old  soils  often  show 
more  or  less  change  in  the  available  plant  food.  The  writer, 
knowing  as  he  does  that  a  wheat  plant  can  extract  essentially 
all  of  the  available  material  of  a  particular  food  element  from 
the  soil  before  showing  noticeable  change  in  its  growth  rela- 
tions has  always  doubted  that  the  general  conclusions  of  soil 
deterioration  under  such  cropping  conditions  is  justifiable ;  for 
there  are  many  fertile  soils  which  fail  to  produce  normal  wheat, 
and  there  are  some  very  poor  weak  soils  which  produce  nice, 
properly  colored  milling  wheat.  These,  so-called,  deteriorated 
wheat  soils  also  produce  high  yields  an^  quality  in  other  crops. 

The  symptoms  with  regard  to  crop  and  soil  relations  on 
wheat-sick  areas  are  interesting  and,  in  part,  efhow  the  complex 
nature  of  the  problem.  It  should  be  remembered  that  there 
are  many  types  of  soil  in  the  various  wheat  regions  and  that 
the  writer  is  not  contending  that  there  are  not  some  soils  which 
are  deficient  in  certain  plant  food  elements  to  such  extent  that 
a  normal  yield  of  wheat  can  not  be  expected.  The  symptoms 
and  crop  characteristics  here  stated  are  for  soil  regions  w'hich 
are  recognized  as  wheat  producing  regions, — soils  which  once 
produced  heavy  crops  of  wheat  but  under  present  conditions 
cannot  be  relied  upon  tp  produce  wheat  of  normal  form,  except 
under  years  of  exceptional  conditions  and  under  methods  of  ex- 
ceptional nature,  yet  do  produce  other  crops  in  high  excellence. 
We  refer  to  lands  which  once  produced  exceptionally  good 
wheat  crops,  yet  in  a  short  time  of  comparatively  constant  crop- 
ping to  cereids  have  been  reduced  to  a  condition  in  which  agri- 
cultural methods,  as  now  practised,  including  best  recom- 
mended methods  of  crop  rotation  and  soil  fertilization,  cannot 
be  relied  upon  to  produce  a  crop  that  could  be  considered  nor- 
mally equal  to  that  which  the  new  lands  gave.  Some  years, 
certain  old  lands,  have  been  known  to  produce  crops  even  ex- 
celling in  yield  anything  previously  produced  though  neither 
the  owner  nor  any  educator  could  explain  such  strange  action 
of  soils  supposedly  '* deteriorated  by  overcropping."  In  the 
Red  River  Valley  of  the  North  where  wheat  has  been  a  general 
crop  for  from  thirty  to  forty  years,  where  the  fertility  of  the 
land  is  not  questioned  with  regard  to  its  capability  of  produc- 
ing any  other  crop  except  only  fiax,  and  where  chemical  analy- 
ses yet  show  a  high  grade  of  soil  fertility,  the  fact  remains 


Tig.  22. — WlWQ  we  were  able  to  procure  pare  cult 
produce  dlaeise  free  HcedllngB,  we  were 
meota  Id  tbc  field  to  test  tbe  eSeclive 

development  or  retardation  of  the  crop,      _ , „ ,_ 

■bow  tbe  relative  growtb  made  on  the  aame  virgin  aoU  from  plimtlDE 
ol  wbeat  seeds  of  tba  same  welgbt  and  strengtb  from  the  lame  parent 
bead,  planted  on  tbe  aame  daj ;  (2)  Grawtb  from  sgac  purified  aeed- 
llnE:  lin)  (irowtb  from  unporiSed  seed  II  eg ;  U3)  Qrowtb  from  aeedUng 
wblcb  was  Inoculated  b;  a  mlituie  of  Bpores  from  pure  culturei  of 
PUMrinm,  HelmibtboBpatium,  Alternaria  and  ColletotrlcbDm,  all  taken 
from  tbe  Interior  of  ivbat  appeared  to  be  normal  wbeat  gralaa;    '"' 


Comparative  e^"'!'  from  tbe  same  streuEtb  of  eeed  made  on  vlrglii  lo 
when  iDOCDlated  wltb  dirt  aud  atubble  from  wbettt-aleli  land.  (Be 
Eifa.  IT.   18,  21,  28  aod  24.) 
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that  the  wheat  crop  on  such  old  wheat  cropped  soils,  cannot 
be  relied  upon  to  give  anything  like  uniform  seed  quality  from 
the  most  consistent  systems  of  cropping  by  whomever  recom- 
mended. It  is  usually  recognized  that  a  well  worked  com 
ground  makes  a  seed  bed  thoroiJtghly  satisfactory  for  the  pro- 
duction of  a  spring  wheat  crop,  yet  on  lands  apparently  exactly 
similar  as  to  age,  content,  texture  and  drainage,  one  man  may 
produce  a  crop  of  thoroughly  shrivelled  grain,  worthless  straw 
and  light  seed,  while  a  neighbor,  under  exactly  similar  condi- 
tions as  to  tillage  and  date  of  seeding,  produces  a  reasonably 
good  yield  of  seed.  Thus  while  it  is  usually  recommended  that 
com  cultivation  best  prepares  the  ground  for  wheat,  many 
farmers,  by  their  experience,  are  convinced  that  often  all  they 
can  expect  from  such  extra  work  is  what  they  would  designate 
as  'Hoo  much  straw  and  shrivelled  seed." 

Similar  results  have  been  observed  upon  well  worked  sum- 
mer fallowed  lands.  Chemists  and  agriculturists  have  been 
prone  to  explain  that  the  farmer,  by  overworking  the  land, 
produced  too  much  available  fertility,  especially  in  the  nitrate 
form.  This  causes  the  farmer  no  little  worry  because  he  has 
been  doing  the  cultivation  act,  as  he  understands  it,  for  the 
purpose  of  providing  more  available  ferility,  saving  moisture, 
etc. 

Many  farmers,  thinking  that  continuous  cropping  to  wheat 
has  tended  to  remove' the  nitrogen  content  of  the  soil,  have 
spread  fresh  barn-yard  manures  upon  wheat  stubble  lands  or 
have  top-dressed  lands  previous  to  wheat  culture,  using  the 
manure  spreaders.  Some  have  reported  good  results  from  this 
in  busThelage.  Others,  after  the  application  of  a  very  slight 
amount  of  fresh  manure,  have  reported  very  disastrous  results 
in  the  nature  of  soft,  over-grown  straw  and  shrivelled  off-grade 
grain.  Clearly,  if  the  land  were  impoverished  as  to  humus  and 
nitrogen  content,  due  to  wheat  cropping,  barn-yard  manures 
ought  to  be  beneficial,  yet,  in  many  cases,  the  application  has 
injured  the  wheat. 

Peculiarities  of  Crop  on.  New  Lands :  Native  sod  lands  that 
have  been  a  long  time  in  pasture  are  often  plowed  up  with  the 
hope  that  a  big  yield  of  fine  grain  can  be  taken,  but  the  result, 
as  in  the  case  of  so-called  "over-worked  summer  fallow,"  or 
com  ground,  is  as  likely  to  be  a  failure  as  a  success.  Fully  as 
many  people  report  over-growth  of  straw  and  shrivelled  grain 
as  report  increased  crops  of  good  quality. 

New  or  virgin  lands  remaining  in  the  wheat  belt  unplowed, 
even  though  they  represent  select  areas  of  land,  when  plowed 
and  sowed  to  wheat,  under  present  conditions,  cairnot  now  as 
in  the  early  days  be  relied  upon  to  produce  the  quality  of  wheat 
Aen  produced  on  immediately  adjacent  lands.    As  often  as 
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otherwise,  the  crop  is  apt  to  produce  light  weight,  off-colored, 
' ' spotted,"  ' ' white  bellied, "  " black-pointed, "  '  'pie  bald, " 
shrivelled  grain  upon  a  rag-like,  light  weight  straw.  Because 
of  these  facts,  many  of  our  most  able  old-time  wheat  growers 
hare  been  inclined  to  contend  that  there  must  have  occnrred 
changes  in  climatic  conditions.  No  one  can  h^ve  the  hardihood 
to  contend  that  these  native  lands,  never  before  plowed,  have 
only  sufficient  fertility  to  maintain  the  normal  yield  and  quality 
of  grain  for  but  one  or  two  years.  These  lands  certainly  are 
as  fertile  as  the  adjacent  areas  which  were  broken  in  the  early 
days  of  wheat  culture. 

Table  No.  VIll,  ComiwntlTe  Orawtb  from  Properl;  Parlfled  Wheat  Seed- 
Ungi  Contrasted  wltb  UcpDrifled  Wheat  BeedllngB  and  Spedfltally  Inocnlated 
Seedlliwa :  The  table  i>  bssed  upon  200  plaotlDgg  of  pure  bred  Fife  wtieat.  The 
•eeda  were  planted  on  the  game  dar  on  new  lend  and  the  l^rop  -wai  harvested  on 
the  nine  da;-  Crop  IBll.  8«e  Bisnree  23  and  24.  We  have  ilmllar  tablet  mH' 
•fmeted  for  almost  all  varletleg  oi  wheat  that  crow  In  the  Northweat  and  for 
t^e  jears  1911,  '12  and  '13.  Practlfsllr  all  oF  them  bear  ont  the  conclaslonii 
irhlcb  this  table  ou  inspection  must  Indicate. 


It  can  be  seen  at  a  glance  that  these  present  new  lands  are 
now  subject  to  wheat  diseases  coming  thru  poor  seed  and  by 
dost  and  dirt  from  the  adjacent  old  worked  wheat  lands. 

PecnliMi'ttes  on  Old  Croi^>ed  Lands:  On  areas  where 
wheat  has  been  grown  continuously  there  is  a  tendency  for  the 
crop  at  first  to  produce  a  heavy  growth  of  foliage  and  to  show 
great  unevenness  of  growth  througout  the  field,  even  thotif^ 
no  unevenness  of  ground,  peculiarities  of  chemical  constitu- 
ents, of  drainage  or  of  methods  of  culture  may  be  observed. 
Some  areas  may  yield  fifteen  to  twenty-five  bushels  per  acre, 
while  others  immediately  adjoining,  of  the  same  day's  seeding, 
may  scarcely  be  fit  to  cut.  Straw  often  varies  in  height  on 
such  areas  from  a  few  inches  to  a  foot  or  more,  and  shows  great 
variation  in  color  and  texture  throughout  the  season. 

The  grain  from  such  crops  is  uneven  as  to  grade,  apt  to 
be  shrivelled  and  light  weight  per  bushel,  and  off  in  color  re- 
gardless thon^  the  greatest  care  is  taken  in  harvesting.    In 


addition  to  these  peculiarities,  which  are  common  to  wheat  re- 
^ons  throughout  the  United  States  but  particularly  pronomiced 
in  spring  wheat  regions  of  the  Northwest  Where  the  work  is 
conducted  on  such  an  extensive  scale  that  one  to  two-thirds  of 


Fig.  24. — Thla  photOKcapb  Bhaws  tbe  produrti 

plant*,  the  Btobbla  of  whlcb  are  photot__, „. 

represents  tbe  comparatlTe  producUveneBB  of  proper  Beedllog  parlflcatlon 
~B  compared  with  tbe  growtb  under  uneanltar;  conditions  as  repreaented 
._  ... 1._  ._*....*  — ,  —  J. |g  mrected  Boll.    (See  table  No,  7. 


all  the  land  may  be  said  to  be  in  wheat.  Farmers  have  always 
complained  of  many  features  with  regard  to  the  wheat  crop 
and  other  cereal  crops  for  which  it  has  been  difficult  for  any- 
body to  account.  Generally  the  shrivelling  has  been  attributed 
to  many  causes,  among  the  most  common  of  which  are:  (1) 
Hot  winds  drying  up  the  soil  and  drying  out  the  straw;  (2) 
"Sun-scald"  and  hot  winds  in  the  presence  of  too  much  moist- 
ure in  the  soil;  (3)  Excess  of  moisture  in  the  atmosphere  and 
hot  sunshine  resulting  in  "sun-scald"  of  the  heads  at  the  blos- 
som period  or  at  the  time  the  grain  is  setting ;  (4)  Shallow  til- 
lage; (5)  Finally,  by  some,  that  too  heavy  a  growth  of  straw 
and  grain  sets  in  proportion  to  the  moisture  and  fertility  avul- 
able.  One  often  hears  such  expressions  as:  "There  is  heavy 
enough  stand  for  a  crop  of  25  bushels,  but  on  account  of  the 
lack  of  fertility  and  moisture  the  grain  will  not  be  able  to  fill 
more  than  ten  or  twelve  buBhels. " 

Approaching  more  directly  the  point  of  symptozns,  it  is  a 
matter  familiar  to  everyone  to  hear  farmers  talk  about  "sun- 
scald"  and  "tip-burn"  even  when  the  wheat  plants  are  but  a 
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^w  inches  high.  When  asked  what  is  meant,  they  explain  that 
the  wheat  has  made  too  rapid  a  first  growth  and  the  ''atmos- 
pheric conditions  are  bad"  the  young  leaves  turn  yellow  and 
bUgfat  and  die  because  of  the  intensity  of  the  sun  action  on  the 
delicate  plants. 

Just  preceding  maturing  time,  a  great  cry  goes  up  which 
says,  essentially^  the  heads  are  large  and  the  grains  seem  to  be 
set  in  all  of  the  rows  of  the  spiklets  but  the  ''upper  third  or  half 
is  not  filling."  Every  man  seems  to  have  a  different  opinion 
as  to  the  reason  for  this.  Some  blame  it  to  the  lack  of  strength 
in  the  land,  others  say  it  is  due  to  the  moisture  in  the  atmos- 
I^ere  or  "sun-scalding"  the  young  blossoms  or  wheat  grains 
just  as  they  set  or  form.  Others  attribute  the  whole  trouble  to 
mst  or  smut,  assuming  that  these  diseases  have  become  more 
and  more  destructive.  Others,  more  observing,  report  that  the 
shrivelling  goes  on  even  though  the  straw  is  not  rusted  or 
smutted.  It  is  apparent  to  most  observers  that  wheat  rust  is 
naturally  much  more  destructive  on  the  old  wheat  lands  than 
on  the  new. 

There  are  exceptions  to  all  of  these  conditions,  and  these 
are  often  located  in  neig'hborhoods  in  which  the  most  destruc- 
tion is  accomplished.  Many  are  hard  to  explain  on  the  basis 
of  any  ideas  laid  down  by  chemical  analyses  or  by  experts  in 
crop  rotation  or  in  the  physics  of  the  soil  as  represented  in 
drainage  and  manuring  methods.  It  is  admitted  that  there  are 
certain  types  of  crop  rotation  which  when  constantly  followed 
tend  quite  commonly  to  produce  paying  yields  of  wheat  or 
other  cereals,  and  it  is  quite  agreed  by  agriculturists,  chemists 
and  plant  physiologists  that  certain  methods  of  fertilizing  soil 
tend  to  improve  the  crop  as  shown  by  the  averages  for  a  num- 
ber of  years,  yet  the  fact  remains  that^  under  normal  weathen 
conditions,  the  wheat  crop  in  such  old  wheat  regions  is  not  rea- 
sonably certain  to  give  grain  quality  under  the  best  known 
cropping  methods. 

Often  the  lands,  under  apparently  the  most  rational  crop 
rotations  produce  wheat  of  so  poor  a  quality  that  one  can  in  no 
wise  account  for  the  results.  It  can  be  said  with  truth  regard- 
ing such  old  wheat  land  areas  that  fertile  soils,  sufficient  rain 
fiJl,  and  such  methods  of  rotation  and  of  soil  fertilization,  as 
heretofore  known  have  not  regularly  been  found  to  give  better 
results  than  adjacent  fields  under  general  methods  of  agricul- 
ture. 

a 

Not  a  few  farmers  complain  that  to  add  barnyard  manures 
to  their  wheat  lands  is  but  to  increase  the  growth  of  straw,  les- 
sen the  yield  of  grain  and  reduce  the  grade.  In  the  various 
tanners'  institutes  of  the  cereal  producing  states,  one  has  often 
heard  farmers  complain  that  they  no  longer  are  able  to  pro- 


i.— Effect  of  sPpa  lEOcnlatlOE  by  me»n8  of  pure  colture  of  whest-roet 
fuagl.  Tbe  wheat  Ig  IcnowD  as  "Huron".  Tbe  seed  welgbed  over  sUty' 
three  pouudi  per  buibel  and  was  ol  hlgb  uniform  bard  qnaUty.  It  was 
seeded  In  equally  prepared  beds  on  landi  uncropped  to  wheat  for  IS 
years.  Tbe  bundle!  repregect  an  njuBl  number  of  needs  planted  and 
same  area  of  around.  Tbe  seeds  nere  iDocalated  by  dipplag  Into  dis- 
tilled water  whlcb  conlalned  tbe  spores  of  pure  cultures  aa  tollowa ; 
<S)  Vnlnooulated;  (1)  i/«IiBlii(Aa«f>Dr«>n ;  (*)  Fmartnm;  (S)  AUtr- 
naria.  Tbe  pboto  gtieB  a  fair  vomparatlie  Idea  of  tbe  destrnetlTgneH 
of  theie  root  degtrojlag  fungi.  Two  otber  gpeoles  not  commonly 
fonnd  Id  out  work  resnlted  In  practical  deatruetlon  of  the  •eedling 
pUnts.     (CDltures  by  Mllbratb.) 
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duee  wheat  of  the  quality  once  produced,  though  they  now 
work  the  land  much  more  carefully,  having  better  machinery. 
The  author  has  made  a  careful  study  of  this  matter  and  is  con- 
vinced that  it  is  true  that  the  land  is  now  better  worked  than 
ever.  Some  of  the  farmers  practise  essentially  all  of  the  doc- 
trines which  the  experiment  stations  and  farmers'  institutes 
are  able  to  carry  to  them,  yet  reap  low  grade  wheat  and  cer- 
eals upon  lands  which  produce  abundantly  in  crops  of  non- 
cereal  type.  When  the  farmers  have  asked  what  is  the  matter, 
th^  have  been  told  about  as  follows:  '*Tou  cannot  expect  to 
continue  reaping  grain  of  high  quality."  **Tour  constant 
methods  of  cropping  have  deteriorated  your  soil."  "You  have 
lessened  the  nitrogen."  ''You  have  interfered  with  the  humus 
content.*'  "You  have  withdrawn  much  phosphate,  lime  or 
potash,"  as  the  case  might  seem  in  the  mind  of  the  particular 
man  answering  the  question.  The  farmer  asks  ''what  shall  we 
dot"  The  answer  has  been:  "Rotate,  raise  stock,  plant  com, 
cultivate."  "Clear  your  fields  from  weeds."  "Select  your 
seed,"  etc.  Yet  it  may  truthfully  be  said  that  many  able 
farmers  who  are  doing  most  of  these  things  on  land  of>  known 
high  chemical  fertility  and  fine  physical  texture,  yet  reap 
twelve  and  a  half  to  fifteen  bushels  of  shrivelled  wheat  where 
but  few  years  since  they  took  twenty-five  to  thirty  bushels  of 
sixty  to  sixty-four  pound  stuff.  Men  who  thus  strive  have 
naturally  lost  much  faith  in  the  doctrines  of  the  conservation 
of  the  fertility  of  the  soil  and  in  the  doctrines  of  the  necessity 
of  crop  rotation.  Often  the  best  rotation  gives  the  most  shriv- 
elled grain  and  this  we,  as  educators,  have  been  utterly  at  a  loss 
to  explain,  except  only  to  refer  to  "rust,"  "sun-scald,"  "poor 
drainage,"  and  many  imaginary  things  that  might  prevent  a 
plant  from  yielding.  One  of  the  conditions  of  wheat  cropping, 
which  at  first  sight  is  the  most  discouraging  one,  rests  in  the 
observed  fact  that  when  the  climatic  conditions,  soil  conditions 
and  harvesting  conditions  have  been  most  propitious  for  the 
development  of  the  wheat,  often  the  yield  has  been  of  the  most 
inferior  type  of  seed.  Though  the  bushels  of  grain  and  tons 
of  straw  may  at  times  be  somewhat  larger,  the  quality  is  so 
inferior  as  to  be  no  longer  recognized  as  in  the  class  for  which 
the  Northwestern  wheat  regions  were  once  noted. 

The  Cause  of  Deterioration:  The  writer  has,  by  his  ex- 
perience, and  thru  the  aid  of  many  assistants,  conducted  ex- 
periments and  observations  extending  over  a  number  of  years 
which  convinced  him  that  it  is  perfectly  safe  to  affirm  that  our 
old  wheat  soils  are  sick  throughout  or  sick  in  part  in  large  areas 
in  exactly  the  same  sense  as  certain  cotton  lands  are  sick  with 
root  rots,  in  the  same  sense  as  certain  melon  lands  produce 
root-rot  and  blight ;  in  the  same  sense  as  old  potato  lands  pro- 


duce  rot  and  scab;  in  the  same  sense  as  the  Germans  recognize 
when  they  speak  of  flai  being  &  bad  crop  because  it  prodacea 
Bodenmnedigkeit,  "Sax-tired"  conditions.    It  ia  now  poasibla 


Fig.   20.— A   pair   of    b 
noder  green   t 

cnlna  ot  whe»t.    The  aoll  n— ,  _.  ,_., ,. 

Plant  focKl  WRB  [urnlabEr]  ai  a  DutrleDt  ujIatlOD  made  bj  •oaUnK  B 
BtiDdard  amoiiDt  of  eolt  for  24  boura  Id  b  ilTcn  Tolnine  of  dlattiled 
water.  <9)  shows  the  growth  wben  the  aoIuUoii  wbb  from  Tlisin 
prairie  aoll.  Pot  2  ehowB  the  growth  when  the  pltntB  were  watered 
with  a  BolotloD  taken  from  whcat-slck  ia)l  unllltered.  WbeD,  bowerer, 
tbe  BolutloDs  fnrulibed  hj  wheat-alck  aolla  were  Bterlllied  or  pariOed, 
tbe  growths  were  alwaya  approilmatelr  eqoal  to  that  In  nine.  Nvm- 
eious  eiperlmentg  ot  thla  oatare  corroborate  all  of  our  Held  plot  work 
BDd  will  be  pabllahed  Id  another  bulletin. 

to  recognize  snch  wheat-sick  areas  and  map  them  as  well  as 
(me  cotdd  by  a  study  of  the  flax  crop  or  its  stubble,  map  flax- 
sick  areas  for  wilt  or  flax  canker. 

This  mapping  of  tbe  sick  areas  can  be  done  at  any  time 
from  the  time  the  wheat  plants  first  come  out  of  the  ground  to 
the  time  the  stnbble  is  plowed  in  the  falL  The  diseases  can  be 
detected  in  the  soil  by  many  methods.    The  diseases  can  now 
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be  recognized  in  the  crop  by  the  symptoms  and  by  pore  culture 
methods.  They  can  be  proven  to  be  destructive  by  the  most 
exacting  methods  of  the  histologist  and  of  bacteriologist,  llie 
problem  is  a  complex  one  because  there  are  more  diseases  than 
one  which  live  in  the  soil  and  are  transmitted  from  crop  to 
crop,  and  because  there  are  many  varied  ways  of  transmission. 
Any  one  of  several  distinct  organisms,  w'hich  in  years  past 
have  been  looked  upon  as  simple  decay  forms,  molds,  is  capa- 
ble of  placing  the  land  in  an  unsanitary  condition  for  the  crop 
of  wheat,  to  such  extent  that  a  profitable  crop  cannot  be  grown 
there  when  the  land  is  once  infected.     These  various  and  sundry 


Table  No.  IX.  Cootrast  between  the  welsht  of  Crops  Grown  on  Steamed 
Wbeat-alck  Soil  and  on  Unsteamed  Wheat-sick  Soil,  from  Purified  and  Unpurifled 
SeedUngB.     (Crop  1913,  Bed  1,  Plot  32.) 
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65 

87 
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35 
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95 

159 

828 

81 
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NOTB:  In  this  exi>erlment  the  seedling  plants  for  each  row  were  trana- 
planted  into  and  across  equally  prepared  seed  beds,  one  steamed  and  the  other  un- 
steamed. Bach  pair  as  numbered  were  planted  on  the  same  day.  The  seeds 
for  each  pair  were  exactly  of  the  same  breed  or  strain  and  the  indlTldual  laeda 
before  being  germinated  were  selected  for  highest  color,  hardness,  and  wheat 
quality  and  as  to  uniformity  of  weight  and  sise.  The  dlflTerences  in  yield,  there- 
fore., mast  be  chiefly  attributed  to  the  changes  In  the  ground  due  to  steaming 
as  shown  in  Figure  29,  associated  with  changes  in  the  seed  due  to  seedling  purl- 
fleation.  Notice,  for  exi^mple,  the  marked  differences  shown  in  the  yields  of 
straw  and  grain,  in  Rows  numbered  4  and  Rows  numbered  13.  There  were  some- 
thing over  four  times  as  many  plantings  on  this  particular  bed  as  are  indicated 
in  this  table  but  all  of  the  figures  bear  out  the  same  conclusion  as  aboye.  (See 
also  FigB.  26  to  80.) 


wheat  disease  producing  fungi  are  not  only  transmissible  from 
crop  to  crop,  but  persist  in  the  soil  from  year  to  year,  necessi- 
tating  rigid  methods  ,of  cropping  in  order  to  retrieve  the  sdil 
for  wheat  culture.  They  do  a  greater  or  less  amount  of  dam- 
age according  to  the  kinds  of  soil  and  atmospheric  conditions. 
They  are  so  parasitic  in  nature  that  they  persist  in  their  de- 
structive work  in  any  type  of  soil  in  which  the  wheat  plant  can 
thrive^  and  they  are  so  nearly  saphrophytic  in  their  habits  that 
they  exist  as  decay  forms  on  decaying  roots,  stubble  and  upon 
the  htunuB  of  the  soil  or  in  yard  manures,  and  are  thus  readily 


r. — Comparative  crop  of  Sfotcb  Fire  wheat  upoa  two  equal  coDtlguoi'3 
areas  Ot  Red  River  Valle;  soil  on  wlilcli  there  had  been  approilioatel; 
40  coniecDtlve  cropa  of  wbeaC.  The  seeds  were  the  same  as  to  kind, 
welgbt,  and  number ;  and  the  date  of  plantlDg  wan  the  game.  Bandle 
21  grew  on  an  area  of  gronnd  wtilch  was  steam -steriUied  for  a  depth 
of  ll-lncbe>  dorlng  the  spring  of  IB06.  The  steamed  plat,  tor  flrc 
years,  raised  a  much  heavier  erop  each  year  than  the  cberk  plats,  al- 
thangh  the  laod  was  bandied  In  exactly  the  same  way  otherwise.  Bnadle 
SI  Is  tb«  llttb  crop  on  the  land  slnee  It  was  pnrlSed  by  steaJnlng, 
Bnadle  32,  the  cbeck. 
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distributed  from  crop  to  crop  and  from  field  to  field.  They 
are  so  parasitic  that  thru  their  internal  connection  with  the 
seed,  their  distribution  from  country  to  country  and  from  field 
to  field  is  made  easy.  They  are  world  wide  in  distribution  and 
vary  in  destruction  according  to  method ,  oi  cropping.  Our 
survey  of  these  troubles  ei^tends  specifioally  over  North  Dakota, 
large  areas  of  Alberta,  Saskatchewan,  Manitoba,  Minnesota, 
South  Dakota,  Washington,  Indiana,  Kentucky,  New  York, 
Ontario,  and  by  means  of  seed,  we'have  found  that  they  are  not 
uncommon  to  England,  Russia,  France^  Algiers,  Australia,  and 
other  wheat  growing  regions.  Not  dnl^  are  they  able  to  live, 
in  the  soil,  but  they  can  attack  the  wheat  plant  in  all  its  parts 
— ^roots,  stems,  nodes,  flowering  parts  and  mature  seeds.  It 
may  thus  be  said  that  in  this  announcement,  we  are  discussing 
a  soil  factor  and  a  feature  of  crop  detraction  which  is  of  no 
local  nature.  We  can  now  take  any  type^0f  soil,  new  or  old 
as  to  the  growth  of  wheat,  and  horn  it  cian^aise  either  a  typi- 
caUy  diseased  crop  or  plants  of  normal  groiff th.  We  can  take 
the  best  pieces  of  luid  that  any  man  can  f  urj^h  and  with  slight 
a]»p]]eaftioii  of  either  pure  cultures  or  old  di^^sed  wheat  straw, 
or  wheat  seeds  fix  that  soil  to  such  extei^i^'li^t  no  form  of  ordi- 
nvy  culture  can  raise  a  normal  crop  qf  Jftt^at. 

New  lands  can  be  made,  byiKociil^tion  with  infectious 
matter,  essentially  sterile  for  Wheat,  but  ragain,  by  methods  of 
purification,  whether  chemical  or  otheiS^ise,^  the  same  soil  can 
be  made  to  produce  normal  wheat  fi-ontJno;^]6^al  seed.  We  have 
conducted  persistent  cropping  experinf^nts^jwith  many  differ- 
ent pure,  pedigreed  strains  of  wheat  uptiia.,iiiany  separate  plots 
of  land,  handled  and  treated  in  man^^  &ii^^£^rate  ways,  and  all 
of  these  experiments  lead  to  the  same  cpt^d^sion,  namely:  that 
in  the  presence  of  certain  root  diseases^bf  wheat  and  other 
oereal  grains  no  one  is  in  positio!i  to  dra^  any  reliable  oonclu- 
sions  as  to  what  quality  of  crop  may  be  caused  to  develop  in  a 
partacnlar  year  upon  a  particular  piece  of  land  under  a  particu- 
lar metfaod  of  cropping.  These  experiments  indicate  clearly  that 
rotation  of  crops  have  much  to  do  with  the  possibility  of  rais- 
ing a  normal  crop.  They  show  that  certain  methods  of  han- 
dling fertilizers  have  beneficial  effects  and  that  other  methods 
of  fertilizing,  which,  ordinarily,  are  deemed  very  appropriate, 
are  very  destructive  in  the  presence  of  these  diseases.  These 
experiments  in  association  with  this  new.  knowledge  with  re- 
gard to  wheat  diseases  also  explain  many  anomalies  of  crop- 
ping which  heretofore  have  been  inexplicable. 

Unsanitary  methods  of  handling  the  soil,  the  crop  and  the 
seed,  and  the  existence  of  wheat  and  other  cereal-sick  soils, 
with  the  existence  of  internally  diseased  seed  taken  together, 
represent  a  constant  factor  which  has  in  years  past  acted  to 
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vitiate  the  codgIusioqs  or  many  well-planned  experimeats  in 
crop  rotation  and  soil  fertilization. 

The  foregoing  statements  as  to  the  status  of  wheat  and 
cereal  cropping  in  which  we  have  outlined  the  peculiar  symp- 
toms existing  in  large  areas  and  regions  of  wheat  cropping  ma; 
be  viewed  in  a  somewhat  better  light  by  a  consideration  of  more 
specific  features  or  symptoms,  associated  with  statements  as 
to  what  they  may  indicate. 

Speciflo  Symptoms:  In  regions  of  general  wheat  culture, 
farmers  complain  that  year  by  year  more  seed  must  be  sowed 
in  order  to  maintaili  a  stand  or  a  normal  yield.     Once  a  bushel 


Fl(.  28. — A  view  of  a  iKirtlon  of  a  rod  square  of  sround  which  was  Rteamed  with 
■Ire  steam  to  a  depth  of  14  lui^hea  In  the  iprlnf;  of  1900.  See  Ftg.  37. 
The  pordoDS  oa  the  right  Indicate  tb«  contlnoatlon  of  the  plot  on 
what  U  known  ■■  "rotation  plot  I",  a  plot  nnder  contlnnons  wheat 
cropplDK  and  known  as  a  "wheat-sick  area".  For  the  flrat  three  ;eari 
after  the  atMrning  vaa  done,  tbls  plot  grew  a  heavy  noToial  growth 
of  grain.  The  plctnre  llluatrates  how  Kraduallj  the  root  fnngl  w«re 
transmitted  from  the  soil  of  the  adjacent  untreated  groand  to  the 
steamed  land  until  the  entire  soil  was  again  re-lnfeeted.  Notice  tbe 
gradual  leaaeolug  of  the  strength  of  the  crop  from  left  to  right,  the 
plants  on  the  right  being  thoroughly  dlaeaaed  and  characteristic  of 
root-sIck    or   wheat-sick   planta. 

was  considered  sufficient  seed.  Farmers  are  now  often  recom- 
mending as  high  as  a  bushel  and  a  half  to  two  bushels  of  wheat 
per  acre,  regardless  of  the  fact  that  the  grains  are  often  much 
smaller  and  hence  represent  many  more  plants  per  acre,  and, 
regardless  of  the  fact  that  efficient  drilling  machinery  puts  the 
seed  into  the  soil  in  good  growth  condition.  Some  claim  that 
the  seed  bas  deteriorated  and  does  not  germinate  as  well  as 
it  should.    This  we  find  to  be  true  in  many  eases,  and  farther. 
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tbat  such  failure  to  germinate  is  not  necessarily  due  to  being 
heavily  injured  by  moisture,  heat  and  other  features,  but  often 
to  fungus  activity  inside  the  seed.  This  is  especially  true  in 
Ehimm  wheats. 

2.  Others  complained  that  their  drills  skip  or  miss  long 
areas,  thus  attempting  to  account  for  the  spotted  nature  of  the 
growth  when  they  thought  they  had  used  good  seed.  Our  ob- 
servations indicate  that  such  apparent  skipping  is  more  often 
due  to  actual  dying  of  the  seedlings  embryos  before  breaking 
thru  the  ground  or  immediately  after  germination,  a  point 
which  is  not  commonly  noticed. 

3.  Many  complain  that  plants  no  longer  properly  stool. 
On  examination,  that  is  found  to  be  true  or  to  closely  rep- 
resent the  fact.  Plants  are  found  to  start  the  stools  but  event- 
uaUy  only  a  single  axis  arises  and  continues  to  grow.  This 
is  usually  attributed  to  lost  vigor  in  the  soil.  Some  have  felt 
sure  that  such  lost  vitality  is  due  to  growing  on  the  same  land 
too  long.  This  brings  them  to  a  desire  to  continually  exchange 
seed  with  the  hope  of  getting  something  that  has  more  vitality. 

4.  Many  noticing  the  earliest  unhealthful  growth  on  large 
areas  of  wheat  lands  have  been  wont  to  dig  up  the  grain  and 
investigate  for  the  purpose  of  locating  wire-worms  and  other 
insects  and  have  often  insisted  that  the  roots  seem  to  be  dead 
as  if  eaten  off.  These  persons  would  account  for  the  lost  or 
missing  places  in  the  drills  by  the  presence  of  some  imaginary 
worm  or  insect  which  they  search  to  find.  If  such  were  the 
ease^  it  would  be  necessary  to  find  many  thousands  of  insects 
or  worms  to  account  for  the  uniform  disappearance  of  the 
wheat  in  entire  townships  or  sections. 

Some,  more  observing  than  others,  have  ifusisted  that  the 
color  of  the  leaves  from  the  start  is  hardly  normal  and  that 
the  strength  of  growth  corresponds.  A  few  have  called  atten- 
tion to  discolored  spots,  blighted  leaves,  etc.,  and  have  hardly 
been  satisfied  by  the  explanation  of  other  jpeople  that  these 
blighted  leaves  are  due  to  "tip-bum''  or  ** sun-scald."  Our 
investigations  find  that  these  observations  are  correct,  not  only 
for  scattering  plants,  but  for  entire  areas,  and  essentially  cor- 
rect for  all  of  the  old  wheat  areas  of  the  Red  River  Valley,  and 
the  older  lands  under  more  or  less  continual  cultivation  where- 
ever  observed. 

5.  Others  have  observed  that  large  areas  now  called  ''al- 
kaline" but  which  once  produced  very  heavy  wheat  no  longer 
produce  the  crop  and  have  assumed  that  the  soil  has  become 
more  alkaline.  The  wheat  becomes  black-rooted  and  dies  when 
bat  a  few  leaves  high.  This,  in  spite  of  the  fact  that  the  land 
has  been  under  cultivation  for  many  years  and  the  drainage 
arranged  for  is  much  better  than  in  previous  years  when  wheat 
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onee  grew  on  such  areas.  We  find  that  a  slight  excess  of  al- 
kalinity pins  root  fungi  is  very  destructive  to  wheat,  but  when 
such  land  is  purified,  the  wheat  thirives  well.  (See  fig.  36  and 
37). 

6.  All  complain  of  much  straw  and  light  grain,  yet  find 
when  the  yield  is  reasonably  high  in  bushels,  the  grade  is  off 
regardless  of  whether  it  is  well  harvested  or  not.  This  does 
not,  as  one  might  suspect,  indicate  lack  of  nitrates  in  soil,  but 


Table  No.  X.  Effect  of  Various  Aridfldal  Fertilizers  and  Methods  of  Soil 
PurliicatioD  on  Weight  of  Straw  and  Grain  Produced :  These  experiments  have 
l>een  run  as  definite  plot  trials  on  beds  20  ft.  square  worked  uniformly  by  hand 
for  the  years  1907-13,  inclusive.  E!ach  bed  has  received  a  known  amount  of  ferti- 
lizer applied  at  the  proper  time  and  in  a  proper  manner  to  make  it  evenljr  effective. 
Each  bed  has  been  narvested  each  year  on  the'  day  it  reached  a  standard  grade 
of  ripeness  comparable  with  other  beds,  and  the  product  has*  been  cored  under 
canvas  and  threshed  only  when  thoroughly  cured  and  dry,  the  straw  and  grain 
weights  being  taken  on  tne  day  of  threshing  and  cleaning: 

The  weights  given  are  averages  for  the  period  covered.  (See  Figs.  81,  82, 
33.  34  and  35),  also  Table  No.  XI. 
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Formaldehyde  purified  six  years,  Steam  last  year 

Soil  Untreated  

Neutral  Bone  Flour  

Acid   Phosphate   

Muriate  of  Potash  

Sodium   Nitrate   ...............^...........^....^ 

Ub^»Aa«a  w  ••«••«•«•••••«*«••«««•«■••«■»••••*«««»••••■«•»••«»•• 

^  g^J^JHHj^Sp       *••■«•••■■••»•«•««**•••-••«•«««*•«■•*•*«*••■••••»• 

Potassium  Sulphate  

Ldme  and  Potassium  Sulphate  .^ 

Mixed  fertilizers  

Iron  Sulphate  — .~..... ..^..^ ..^.i..^^.. 

Clover  each  year  with  the  wheat 

Dried  Blood  

Copper    Sulphate    ~. ..........^.............. 

No  treatment,  coal  dust  last  2  years. 

Well  rotted  compost  

Soil  Untreated  

Ldme,  4  years  . 

Common  salt  5  years  «. — .. ..^.^..........^ 


IbM.  ozs 
41—  9 
89—  2 
41—11 
89—  6 
32—  6 

40—  1 
85—  8 
47—11 
30—  1 
8«—  6 
33—14 
81—15 

37—  4 

41—  0 
83—  4 

38—  8 
35—13 
87—10 
88—13 
32—10 


Ib^     ozs. 
0 
9 

10—  4 
8—  6 
7—  8 
8 
8 
7—  2 

7—  8 

8—  6 
7—  6 
7—  7 

7—  6 

8—  7 
7—  1 
7—11 
5—11 
8—15 
7—14 

4 


It  is  evident,  as  indicated  above,  that  fertilizers  effect  the  yield.  However,' 
the  quality  of  the  grain  must  always  be  taken  into  consideration  rather  than 
the  weight  alone.  Some  of  the  fertilisers  produce  short  stiff  straw  and  a 
tmall  amount  of  grain  of  liigh  quality,  others,  as  compost,  sodium  nitrate  and 
dried  blood  in  the  presence  of  the  diseases,  produce  a  large  amount  of  straw 
and  a  small  amount  of  poor  shrivelled  grain. 

rather  the  contrary ;  for  this  immature,  sfhrivelled  grain  is  apt 
to  have  a  comparatively  high  proteid  content,  its  deficiency 
being  chiefly  the  starch  products.  Grains  are  often  found  to 
be  off-color,  "pie-bald/'  ''blighted,"  ''black-pointed,"  also 
showing  pinky  brown  and  other  colorations  of  the  berries  even 
though  there  has  been  no  moisture  at  harvest  time.    These  pe- 
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collar,  diriyelled  and  discolored  grains  we  find  to  be  internally 
attacked  by  fungi.  The  color  is  either  due  to  the  presence  of 
the  fung^  or  to  changes  caused  by  them. 

7.  The  most  common  complaint  is  the  formation  of  yellow 
leaves  on  the  young  plants  as  soon  as  they  appear  followed 
by  what  is  described  as  "tip  bum"  and  **sun  scald."  Upon 
examination  of  these  soil  areas^  it  is  found  that  this  condition 
corresponds  to  the  areas  in  which  the  deterioration  of  wheat 
is  the  greatest  at  harvest  time.  Examination  of  the  young 
plants  showing  this  so-called  "sun-scald"  and  "tip-burning" 
is  alwa3rB  associated  with  plants  which  have  discolored  under- 
ground portions,  plants  which  are  tobacco  colored  or  creosote 
colored  below  the  ground  line  with  deficient  root  sys- 
tems  and  poor  stooling,  tillering,  capacity.  Indeed  such 
plants  are  found  never  to  stool  regardless  of  the  fer- 
tility of  the  soil.  The  young  buds  or  stools  are 
blighted  early.  This  shows  plainly  how  diflScult  it  is  to  prop- 
erly judge  the  value  of  a  variety  if  the  grounds  on  which  it  is 
tested  shoidd  chance  to  be  diseased. 

8.  There  is  general  complaint  that  when  attempt  is  made 
to  improve  the  sick  soil  by  the  addition  of  bamy^d  manures 
or  by  careful  working  there  is  great  danger  that  the  straw 
will  lodge,  grow  to  a  disproportionate  height,  form  keen  joints 
and  tumble  over  even  though  there  is  slight  weig'ht  of  grain 
in  the  heads.  These  observations  apply  to  the  fertile  lands, 
and  do  not  hold  so  markedly  true  on  dry  land  areas,  or  on  very 
light  lands,  except  in  years  of  spring  drouth  followed  by  heavy 
rains  at  heading  time.  Such  straw  turns  "mouldy"  very  eas- 
ily when  subjected  to  any  dampness  in  the  shock. 

9.  We  find  that  in  such  cases  the  tissues  of  the  too  succu- 
lent or  vegetative  straw  are  early  broken  down  by  the  ramify- 
ing filaments  of  the  invading  fungi,  and  the  straw  can  not 
stiffen  as  it  matures.  Some  report  that  rusted  fields  no  longer 
show  the  same  characteristics  of  rust  that  they  did  in  the  early 
days  of  new  land  culture  when  the  straws  might  be  badly 
rusted,  yet  grow  bright  colored  heads,  chaff  and  straw.  Fields 
now  quite  commonly  take  on  an  ashy  grey  or  mold  color  after 
which  the  grain  never  properly  fills.  This  holds  true  for  large 
areas.  On  new  lands,  it  is  possible  to  have  badly  rusted  straw 
in  which  the  bright  color  of  the  straw  remains,  excepting  only 
where  the  rust  spots  are  but  on  the  wheat-sick  areas  the  straw 
grows  ashy  grey,  even  though  few  if  any  rust  spots  are  present. 
On  such  straw  we  find  that  the  grains  do  not  fill  because  they 
are  cut  off  from  the  food  supply  in  the  mother  plant  by  the 
action  of  the  fungi  on  seed  straw  and  roots. 

10.  At  harvest  time,  on  these  wheat-sick  lands,  it  is  ob- 
served that  the  stubble  takes  on  this  ashy  color  at  once.    In 


Dew  land  areas  or  upon  the  land  areas  in  which  the  wheat  does 
not  B'how  the  marked  deterioration,  the  stubble  remains  a  bright 
color  for  a  eoneiderable  period  after  harvest.  By  such  colora- 
tions, one  can  map  the  areas  of  wheat-siek  soil,  even  in  a  stub- 
ble field.  Different  parts  of  a  field  often  show  great  variation 
in  yield  even  though  there  appears  to  be  no  variation  in  the 
ground  quality.  When  the  grain  is  cut  with  a  hinder,  the 
eo'or  of  tiie  stubble  marks  out  all  these  areas.  The  high  yield* 
ing  grain  cojies  from  the  bright  colored  stubble,  the  low  yield- 
ing grain  from  the  t^shy  or  dark  colored  stubble.  Properly 
well  stooled  stubble  showing  throe  or  four  straws  to  the  st;»oI 
are  usually  brighter  colored  than  the  plants  which  show  only 


FlE.  31. — Note  tbe  peculiar  IrresQlar  growth  of  wheat  on  wheat-sick  ■at).  Tbll 
photo  ahowa  part  of  one  of  twentr,  20  ft.  square  plots,  which  for  a  Dnm- 
ber  of  yean  hav*  t>e«n  glveD  eqaal  treatment  Id  every  manner,  eietpt 
as  to  tbe  mode  of  manuring,  fertllMng  or  purifying.  The  seed  OIlglD- 
ally  naed  was  of  like  character  over  all  plots.  Bach  year  since,  eAcb 
plot  has  been  seeded  with  wheat  raised  on  the  plot  and  traded  to  tbe 
bait  ooe-thtrd  betare  towing;.  Compare  the  growth  in  thla  bed  with 
that  shown  Id  Fig.  32  and  83,  respectively. 

one  straw  to  the  stool.  When  these  are  polled,  a  marked  differ- 
ence in  the  coloration  of  the  underground  parts  is  noticeable. 
A  strength  of  the  root  growth  corresponding  to  the  stooling 
may  be  observed  at  any  time  during  tbe  season.  As  such  wheat- 
sick  areas  and  normal  areas  coalesce,  and  as  stooled  and  poorly 
stooled  plants  often  grow  side  by  side,  it  is  not  possible  that 
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these  differences  can  rest  on  a  basis  of  chemical  content  of  the 
soiL 

11.  Many  have  noticed  that  when  they  plow  up  a  new 
piece  of  praiirie  land  which  has  lain  idle  for  many  years  that 
the  area  immediately  adjacent  to  the  old  wheat  land  is  not  apt 
to  produce  as  good  wheat  as  the  more  distant  areas.  This  is  a 
common  observation  in  flax  and  wheat  cropping  and  is  due  to 
the  drifting  of  the  infected  dirt. 

12.  Many  have  complained  that  it  is  impossible  to  fight 
quack-grass  on  wheat  lands  even  though  a  careful  bare  sum- 
mer fallow  is  practised.  Many  assert  that  they  have  worked 
the  ground  over  a  quack-grass  area  until  there  slhould  be  no 
question  as  to  the  wheat  having  a  fine  opportunity  to  over- 
come the  quack-grass,  yet  it  never  does.  Though  the  quack- 
grass  produces  only  scattering  plants,  there  is  little  or  no  wheat 
on  such  areas  at  harvest  time.  The  writer  has  many  times 
observed  this  feature.  Usually  it  is  assumed  that  the  heavy 
rooting  quack-grass  and  its  tough  humus  forbid  the  growth  of 
wheat.  Inoculation  experiments  prove  that  the  quack-grass 
bears  many  of  the  root  diseases  of  wheat,  and  thus  the  wheat 
can  not  thrive  there. 

13.  Farmers  have  complained  that  they  can  tell  exactly 
where  the  manure  spreader  has  been  used  by  the  reduced  grade 
of  the  wheat  produced.  There  is  commonly  an  increase  in  bush- 
elage  but  the  grade  is  off  and  the  straw  ragged.  The  writer 
has  visited  fields  in  which  it  was  evident  that  the  young  wheat 
plants,  on  the  areas  where  the  manure  spreader  had  carried  the 
fresh  stable  manure,  were  irregular  in  growth  and  color, 
blotched,  blighted,  and  not  thriving  as  well  as  on  the  adjacent 
unmanured  areas.  Many  plants  die  there  by  wilt  or  blighting 
while  young  and  many  others  showing  evident  deficiency  in 
color  and  strength  while  some  show  real  increased  vigor.  Such 
manured  areas  are  usually  characterized  by  great  irregularity 
of  final  stooling  and  heading,  and  show  many  blighted  parts. 

14.  It  has  been  proved,  by  the  average  results  of  many 
Experiment  Stations  of  this  country  and  of  the  world,  and  is 
assumed  by  practically  every  capable  agriculturist  and  farmer 
that  heavy  wheat  seed  is  more  effective  in  crop  production  than 
Hght  weight  seed  of  the  same  pedigree.  This  has  usually  been 
assumed  as  due  to  better  food  supply  at  the  beginning  as  fur- 
nished by  the  parent  seed.  There  have  been  many  contrary 
results  difficult  to  explain.  We  find  that  light  weight  seeds 
are  nearly  always  internally  infected  by  root  diseases  which 
make  it  impossible  for  such  seeds  to  compete  with  plump,  com- 
paratively disease  free  seeds. 

15.  Farmers  complained  that  screening  to  large  grains 
gives  poor  results,  and  experiments  have  proved  that  large, 


light  weight  seeds  are  deficient  in  crop  production  as  compared 
to  small  seeds  of  heavy  weight  character.  We  find  that  seeds 
which  have  been  damp  in  the  shock  "bleached  and  blistered" 
never  can  be  made  to  produce  crop  equal  to  seed,  saved  dry 
from  the  same  field,  because  wet  seeds  become  internally  infect- 
ed from  snrroiinding  diseased  heads'.  Such  seeds  are  also  con- 
siderably enlarged. 

16.     The  crop  is  often  found  to  be  only  sarface  rooted 
when  there  has  been  good  deeo  tillage  and  where  there  is  plenty 


Fig.  82. — Properlj  composted  mtnure  applied  to  whe 

tend  to  Dormal  seed  prodoctlon,  but  rather  xo  mime  ■□  irr^uiar  growui 
o(  straw  and  shrivelled  seed.  Notice  tbe  Irregular  growth  of  the  beads 
and  the  evident  weakaega  of  the  gtraw  Id  the  lower  Jolati.  Sacb  fer- 
tlllEatlan   makes   the   straw   more   susceptible   to  attack,   If   fungi   are 

freseut.  II  tbe  soil  is  purified  by  rotatloo,  tillage,  or  other  mathoda, 
hen  the  wheat  cao  make  aie  of  the  compost 

of  sub-soil  moisture.  In  this  and  following  bulletins,  it  will, 
I  think,  be  made  plain  that  soil  infection  and  seed  infection 
bare  broken  many  a  hope  for  a  large  crop  and  have  vitiated 
tbe  concluidons  (brawn  from  many  well-planced  sohemes  for 
improving  the  wheat  crop.  The  foregoing  symptoms  we  think 
are  more  easily  explainable  on  the  assumption  of  infections  or 
transmissible  diseases  in  the  crop,  the  seed  and  soil  than  in  the 
assumption  of  depleted  or  exhausted  land.  Thus  while  one 
shonld  tue  evetj  effort  to  increase  the  fertility  of  the  land,  he 
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dioald  be  sure  that  disease  inf  ection  does  not  undo  all  of  the 
careful  work  of  cnltivatioii  and 


Original  Besearch :  Formaldehyde  Treatment  Beneficial  in 
Absence  of  Smnt :  During  the  seasons  of  1890-1900,  the  writer 
commenced  careful  studies  upon  the  life  history  of 'smuts  of 
wheat,  oats,  and  other  cereals.  After  a  number  of  years,  it 
was  determined  th-at  smuts  not  only  produce  damage  in  certain 
stools  of  wheat,  in  which  the  smuts  show  in  the  head  but  often 
canse  much  shrivelling  of  grain  in  plants  other  than  those 
which  finally  produce  smut  in  the  heads.    It  was  found  that  a 

TAble  No.  XI.  Showing  Effect  of  Fertlllxers  on  Durnm  Wheat,  Knbanka, 
Pare  Line  Selection :  The  data  in  the  table  show  cniBhing  weights  as  affected 
bj  fertiliiera  and  the  occurrence  of  disease.     (See  Figs.  31  to  So.) 

Variety  Plot  21. 


FertiliMr. 


0 

X 

1 

8 

4 

5 
6 
7 


UUlet  every  other  year. 
None     .~...^..^........ ....•.•.. 

None     . 

Compost  ....^^.^.m.—......... 

Iron  Sulphate  

Tankag^e  

Kalnlt    ^ 

Mixed  Fertilisers 

Sodiam  Nitrate 

Add  Phosphate 


1  §1 

lis 


44 

17300 

22 

18860 

29 

13606 

8 

12566 

35 

11762 

5 

11465 

37 

13555 

28 

11900 

27 

12885 

20 

11580 

47 

15060 

16 

18185 

42 

16960 

80 

13520 

37 

14795 

80 

12766 

40 

16200 

17 

14565 

28 

18745 

27 

12100 

17885 
15286 
12920 
15656 
18400 
18450 
18470 
16640 
17406 
19106 


Black  pointed  grains  are  usually  clear  colored,  hard  grains  of  less  weight 
tfaaa  the  normal  best  grains.  Piebald  grains  are  the  so  called  soft,  mottled 
or  vblte  bellied  grains,  always  being  affected  by  Fusarinm  and  various  other 
fnngi,  while  the  black  pointed  grains  are  almost  always  internally  infected  by 
Altemaria  and  quite  commonly  by  other  of  the  wheat-root  diseases. 

It  is  to  be  noted  that  different  fertilisers  do  affect  the  character  of  the 
grain  and  to  a  certain  extent  affect  the  percentage  of  diseased  grains  noticeable. 
No  fertiliser,  however,  has  stopped  the  appearance  of  either  kind  in  any  year. 
CUnuite  and  weather  conditions  have  much  to  do  with  the  occurrence  of  the 
rtistasts  in  the  interior  of  the  grains.  One  year  one  kind  of  fertilizer  produces 
Dearly  disease  free  grain ;  another  year  It  may  be  another  kind  of  fertlliier  which 
Biakes  tbe  best  and  most  disease  free  grain.  These  conclusions  with  one  selection 
▼arlety  are  borne  out  by  the  results  obtained  year  after  year  for  eight  or  nine 
rears  on  over  100  strains  and  It  is  ascertained  that  by  consideration  of  all  of 
the  tables  that  the  most  important  feature  in  all  cases  is  variety  associated 
^th  weather.  The  percentage  of  black  points  rises  in  hard  wheats  and  tends 
to  disappear  in  soft  wheats,  while  the  reverse  is  true  in  the  case  df  the  pie- 
bald «r  white  bellied  grains. 

large  percentage  of  plants  may  be  attacked  by  smut  and  yet 
only  a  small  number  finally  show  smut  in  the  grain  or  head. 
The  eonclusion  was  correctly  drawn  that  smutted  grain,  not 
only  injures  the  crop  in  proportion  to  the  amount  of  smut  pro- 
duced but  reduces  the  yield  and  grade  of  the  grain  thru  shrivel- 
ling of  the  seed  of  many  unsmutted  heads.  It  was  also  ob- 
served  that  the  formaldehyde  treatment  then  being  developed 


by  this  department  gave  an  increased  yield  and  a  better 
grade  of  grain.  In  these  smut  inveBtigationa,  it  was  further 
observed  that  the  Btraw  on  a  treated  crop  of  w'beat  often 
reached  a  height  five  to  six  inches  greater  than  that  of  un- 
treated grain.  This  was  very  apparent  if  thoroughly  smutted 
seed  was  used.  It  was  also  apparent  if  wheat  was  used  in 
which  no  smut  could  be  found.    These  features  were  very  con- 


mg.   83. — PboiptiatM  In  an;  avalUble  form,   partlcalarlj  add   phosphate   and 

Dentral-bone  floor,  as  ibowD  bj  beds   (3)   and  (4)   of  this  series  bare 

ilwajs  tended  to  prodace  plump  wheats  od   vheat-slck  soils.     Native 

,he  Btlir  straw,   the  more  even  growth   of   heads  and   the    comparatlTe 

Taine  of  the  crop  as  Illustrated  la  the  photograph.     We  do  not  assnice 

tbat  this  is  hecauee  the  soils  need  phosphates ;  for  steamed  plots  and 

Formaldehyde  purified  plots  as  well  as  ODea  purified  br  erop  rotation 

--1  tHIage  flTS  equally  as  good  resulta  or  better.     It  !i  probable  that 

I  effect  of  tbe  extra  phosphates  acts  chiefly   tbrauRh  hardeolng  the 

aw  and  by  hastealog  the  matarlty  of  tbe  seed,  thus  prsTeDtlDg  uodue 

ifos  activity  In  the  tlasues.     (See  Fig.  84.) 

fusing  and  led  to  the  conclusion  that  formaldehyde  either  had 
special  tonic  properties  or  else  largely  controlled  other  seed 
borne  infections  unknown. 

Light  Weight  vi.  Heavy  Weight  Seed :  During  the  same 
period  of  years,  the  writer  was  mnch  interested  in  the  work 
of  demonstrating  the  value  of  li-g'ht  weight  and  heavy  weight 


seed.  Many  investigations  had  quite  conclusively  shown  that 
heavy  weight  seed  taken  from  the  same  bin  would  show  quite 
an  mcreased  yield  over  light  weight  seed  but  audi  experiments 
could  not  of  necessity  prove  that  such  would  be  true  if  the 
variety  tested  were  a  pure  bred  one.  There  have  also  been 
contradictory  results  obtained  by  some  investigators. 

The  writer  commenced  a  series  of  experiments  to  test  out 
the  growth  powers  of  light  weight  seed  and  heavy  weight  seed 
from  the  same  pure  bred  strain  and  from  the  same  stools  and 
from  the  same  heads.  Extensive  experiments  were  conducted 
in  this  line,  the  details  of  which  have  not  yet  been  published 
because  at  the  time  I  was  unable  to  eiplain  the  results.  In 
these  experiments  generally  there  was  a  slight  increase  of 
growth  and  yield  shown  in  favor  of  heiavy  weight  seed.  At 
times  these  results  would  be  reversed  9iid  no  explanations  were 
apparent.  The  conclusions  to  which  I  came  were:  (1)  that  a 
small  seed  of  the  same  specific  weight  as  a  large  seed  from  the 
same  head  is  essentially  as  good  to  breed  from  as  the  larger. 
(2)  If  the  light  weight  grains  are  in  any  manner  less  plump, 
off  color^  slightly  shrivelled  as  compared  to  the  heavy  weight 
grains  from  the  same  head,  then  there  is  almost  uniformly  in 
the  product  a  percentage  of  size,  weight,  quality,  and  yield  in 
favor  of  the  large  seed.  This  fact  was  often  reversed  especially  if 
the  large  seed  chanced  to  be  somewhat  less  perfect  as  to  color 
quality,  or  physical  texture,  yet,  there  were  unexplainable  ex- 
ceptions. Our  experiments,  as  outlined,  in  this  bulletin  now 
make  it  possible  to  carry  out  such  an  experiment  and  draw  the 
proper  conclusions.  While  the  ground  on  which  we  were,  at 
that  time,  working  was  ver/  uniform  as  to  chemical  content 
and  physical  texture,  we  were  decyeived  in  its  wheat  producing 
character.  We  now  know  tliat  it  was  not  necessarily  uniform 
as  to  its  disease  breeding  qualities.  '  While  we  used  a  large 
number  of  pure  selection  strains  to  carry  on  this  heavy  and 
light  weight  seed  contest,  we,  at  that  tijne,  thought  breed,  fer- 
tility and  soil  tillage  to  be  the  chief  factors,  and  that  we  had 
an  experiment  in  which  the  contest  was  equal.  We  were  not 
taking  into  consideration  the  possibility  of  internal  infection  of 
seed  grains.  We  know  now  that  those  experiments  were  not 
on  an  equal  basis  with  reference  to  internally  borne  seed  dis- 
eases or  on  an  equal  basis  with  reference  to  soil  infection. 

Results  With  Flax :  Beginning  about  the  close  of  this  set 
of  experiments,  extensive  trials  were  being  conducted  along 
the  same  lines  upon  the  flax  crop.  From  1890  to  1900,  every 
conceivable  line  of  field  trial  and  laboratory  test  of  growing 
qnalities  was  undertaken  to  ascertain  why  it  is  that,  on  the 
average,  one,  two  or  three  crops  of  flax  upon  new  lands  appears 
to  leave  them  in  an  impoverished  condition  for  the  growth  of 


flax.  Experiments  were  conducted  to  determine  if  such  land 
had  lost  its  chemieal  fertility.  It  was  ascertained  definite!; 
tliat  sncfa  flax  tired  soils  were  not  only  fertile  as  shown  by  chem- 
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ioal  analyses  bnt  fertile  as  shown  by  the  growth  of  other  crops. 
It  was,  however,  jnst  as  definitely  determined  that  ordinary 
flax  could  not  survive  on  such  "so-called"  "exhausted"  flax 
lands.  This  series  of  experiments  resulted  in  the  discovery  of 
certain  funfcus  parasites  which  grew  on  and  in  the  seed  of  the 
flax  crop  and  when  once  introduced  to  the  soil  remain  there, 
destructive  to  further  flax  cropping. 

It  was  found  that  the  addition  of  fertilizers,  not  only  did 
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not  have  any  beneficial  etreet  but  often  only  increased  crop  de- 
struction. 

Farther  experiments  proved  that  the  seed  transmitted  the 
troubles  to  new  lands  and  that  it  might  be  transmitted  by  flax 
straw,  by  bamyrad  manures  containing  flax  straw,  by  wash 
waters  and  blown  dirt,  etc. 

Another  set  of  experiments  proved  that  such  soil  could  be 
made  to  produce  a  good  crop  of  flax  if  purified  and  if  bright, 
clean  seed  were  used. 

Tet  other  experiments  proved  that  seed  disinfection  is 
necessary  to  prevent  the  introduction  of  the  diseases  on  new 
land.  Other  experiments  showed  that  it  is  difficult  to  free  the 
land  of  disease  when  once  present,  but  that  it  can  essentially 
be  done  if  proper  rotations  are  followed,  proper  seed  selection 
and  seed  treatment  conducted. 

Finally,  by  breeding  experiments,  it  was  shown  that  flax 
strains  can  be  selected  and  so  developed  as  to  disease  resistance 
that  a  full  crop  of  flax  even  larger  than  anything  raised  on 
new  land,  can  be  grown  upon  such  old  flax-sick  ground. 

These  experiments  upon  flax  and  flax  cropping  soils  proved 
conclusively  that  the  characteristic  symptoms  of  deterioration 
in  soil  as  evidenced  by  the  flax  crop  did  not  mean  that  such 
soil  had  deteriorated  chemically  so  that  it  could  not  produce 
flax,  or  that  it  contained  any  lasting  toxic  products,  but  ended 
in  complete  proof  that  the  flax  crop  does  not,  of  necessity,  cause 
soil  deterioration  from  a  chemical  and  physical  standpoint, 
either  thru  depletion  or  addition  of  chemical  matters.  It  was 
found  that  unsanitary  features,  conditions  of  soil  and  seed 
infection  account  for  such  apparent  soil  deterioration  and  con- 
sequent flax  crop  depletion.  Other  crops  than  flax  evidenced 
no  difBculties  in  growing  there  without  addition  of  fertilizers. 

These  facts,  as  worked  out  for  the  wheat  crop  with  refer- 
ence to  smut,  for  the  flax  crop  with  reference  to  wilt,  and  for 
the  potato  crop  with  reference  to  scab  and  blight  led  the  writer 
to  plan  a  series  of  experiments  along  the  same  line  in  wheat  to 
ascertain  the  cause  of  deterioration  in  the  wheat  crop.  From 
the  beginning  numerous  mycological  and  histological  prepara- 
tions and  studies  were  made  (1890  to  1900)  with  the  belief  that 
there  were  destructive  fungi  generally  at  work  upon  the  wheat 
crop  other  than  smut  and  rust.  These  laboratory  and  field 
studies  have  resulted  in  records  of  destructive  work  by  various 
types  of  the  imperfect  fungi  which  had,  up  to  that  date,  been 
recorded  by  botanists  only  as  saphrophytes,  decay  forms.  It 
was  ascertained  that  certain  species  of  Macrosporium,  Alter- 
oaria^  Hdminthosporium,  Fusarinm  and  OoUetotrichnm  were  all 
destructive  blighters  of  ovules.  It  was  found  during  heading 
time,  when  the  farmers  were  complaining  of  the  grain  not  fill- 
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ing  because  of  damp  weather  or  becaase  of  hot  winds,  etc., 
that  the  upper  third  or  half  of  the  head  was  often  empty.  The 
yoong  pistils  and  stamens,  though  perfectly  formed,  were 
often  completely  blighted  or  destroyed.  Pore  coltures  and 
sections  made  from  these  blighted  flowering  parts  of  the  wheat 
plant  invariably  showed  the  presence  of  one  or  more  such  fungi. 
ConelusionB  reached  were  that  nuder  certain  weather  condi- 
tions such  organisms  are  great  blighters  of  flower  parts  and 
yoong  ovules. 

Effect  of  Weather,  Climate :  The  author,  at  that  time,  be- 
lieved that  the  power  of  such  fungi  rests  essentially  in  their 
ability  in  the  presence  of  heavy  dewe,  slight  rains  and  hot  sun 
to  attack  "sun-bumed"  or  "sun-scalded"  young  ovules,  and 
were  probably  not  able  to  do  injury  unless  the  wheat  plants 
were  first  harmed  by  weather  conditions.     It  was,  however, 
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work   for   the   untreatpd   seed   on   untreated  soil   and   untreated   ae«d  on 
treated   Kill  and  bear  out  this  same  apparent  relation   of  alkallnttr   to  disease 
Id  this  table. 


apparent  in  all  the  histological  preparations  made  that  such 
fungi  showed  essential  characteristic  of  parasitism.  We  have 
since  learned  that  such  organisms  while,  perhaps,  largely 
active  ns  decay  forms  are  strictly  parasitic  for  certain  crop- 
ping plants;  and  that  the  influence  of  the  weather  ia  great 
in  determining  crop  destruction  though  not  necessary  to  at- 
tack. The  bh'ghting  of  the  yoting  ovules  or  seeds  can  take 
place  in  the  absence  of  good  normal  wheat  weather  but  is 
apt  to  be  very  destructive  when  the  weather  conditions  are 


jnat  snch  as  wonld  otherwise  produce  a  heavy  cereal  crop. 
The  grain  may  be  badly  injured  by  them  in  the  ear  onder 
the  finest  types  of  wheat  weather.  Botanists,  however,  had 
usually  recorded  saeh  fungi  as  mere  decay  forms  living  in 
abundance  on  decayed  straw  and  other  dead  or  dying  veg- 
etation. 

Disease  Garden:     A   series   of    experiments    was   under- 
taken, a  garden  was  laid  out  in  1900  with  a  plan  of  procuring 
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lanlsms.  This  pbotograpb  sbowa  tbat  If  ammoDls  la  added 
lu  wueni-sick  loll  !□  tbe  form  of  ainmoiiluiii  sulphite  when  dlee&aes 
are  present  on  tbe  aeed  or  In  the  soil,  growtbB  may  reealt  similar  to 
thoac  plants  shown  at  (2),  If,  however,  sach  eoll  tt  properlj  pnrtlled 
by  steaming,  and  tbe  seed  Is  properly  purified  before  planting,  the 
addition  of  tbe  ammonium  sulpbate  gives  added  growtb  or  strength 
as  ahowD  In  (1).  When  a  vatualile  fertUUer  it  pretext,  and  the  root* 
are  dead  by  dlaeiue,  tht  wheat  plantt  cannot  make  ute  of  it.  If  the 
root*  art  healthy,  Ihey  can  ■■oAc  nis  0/  It. 

disease  resistance  crops  of  3b.s,  wheat,  oats  and  other  cereals 
by  means  of  diseaM  propa^tion  on  soil  and  on  seed  for  the 
purpose  of  accentuating  the  disease  poesibilities  so  as  to  give 
better  opportunity  for  study  and  opportunity  for  selection 
of  the  sturdy  types  thru  the  elimination  of  the  weak  ones. 

Under  this  line  of  work,  the  rusting  problem  was  first 
considered  in  it<t  affect  upon  the  cereals,  especially  upon  wheat. 

Methods:  While  the  author  did  not  then  know  of  any 
generally  destructive  diseases  other  than  rust  and  smut,  hiB 
observations  and  experiments  led  to  the  belief  that  possibly 
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Other  indefinite  forms  were  concerned.    Every  effort  was  made 
m  tbe  disease  garden  to  introduce  conditions  which  would 
bring  about  the  most  destruction  by  disease.    The  seeds,  after 
being  selected  to  the  highest  conception  of  quality  or  type 
desired  were  smutted  with  the  spores  of  the  various  kinds 
of  smut.    Old  wheat  stubble  and  straw  presumably  containing 
the  germs  of  any  root  diseases  or  blight  were  plowed  into  the 
land.     Continuous  cropping  methods  were  practised  so  that 
any  persistent  soil  diseases  might  have  opportunity  to  arise 
and  increase  in  quantity.     At  planting  time  all  of  the  beds 
were   evenly  prepared.     Special   methods   of  planting  were 
practised,  planting  at  different  depths  on  different  days,  seed 
treated  and  untreated,  etc.     Certain  beds  were  fertilized  in 
special  ways,  other  beds  of  soil  were  sterilized  in  various  ways. 
The  latest  methods  of  plant  breeding,  as  conducted  by  agron- 
omists were  carried  out  on  these  soils,  with  closely  associated 
check  plots.    After  the  young  plants  were  up,  few  weeds  were 
allowed.     Every  effort  was  made  to  secure  for  each  kind  of 
disease  or  disease  symptom  its  choicest  condition  of  environ- 
ment in  soil  and  atmosphere.    For  example,  the  choicest  host 
plants  for  stem  rust  (Puccina  graminis)  also  for  leaf  rust  (Puc- 
cinia   mbigo-vera)   were  intermingled-  in  the  various  wheat 
plots.     Winter  wheat  plots  were  interspersed  among  spring 
wheat  plots  so  that  this  winter  wheat  might  have  an  oppor- 
tunity to  carry  over  diseases  from  season  to  season,  starting 
them  early  in  the  spring  upon  the  spring  crops  before  they 
otherwise  might  be  attacked.    Borders  of  non-disease-resisting 
plants  were  placed  around  the  most  resistant  sorts.    Barberry 
>)U8hes  were  planted  at  intervals  between  beds  for  the  purpose- 
of  csirying  the  sexual  stage  of  wheat  rust.    Each  evening  on 
those  days  not  suitably  foggy  or  moist,  the  rust  infection  plots 
were  evenly  struck  with  a  misty  spray  so  as  to  befog  the  leaves 
and  foliage  with  the  spores  of  each  disease  producing  organism. 
Spores  of  such  diseases  as  loose  smut,  stem  rust,  and  leaf  rust, 
were  added  to  the  water  and  sprayed  upon  the   crop  at  the 
proper  stage  of  development   of  the  crop.    In  this  garden  we 
planted  the  best  seed  that  could  be  obtained  of  the  different 
strains  or  varieties  of  wheat  and  other  cereals  thought  likely 
to  give  light  on  the  subject,  together  with  poorer  types  of  in- 
jured grain,  as  moldy,  bleached,  blistered,  etc.,  to  ascertain  the 
disease  reactions  under  such  conditions.    Wheat  grains  of  the 
same  variety  were  selected,  as  to  color,  size,  weight,  plumpness, 
shrivelled  effects,  and  those  which  showed  special  indications  of 
disease,  as    '* black-pointed,'*   "white-bellied,'*    pink    colored 
grains,  etc.    Each  lot  was  given  special  bed  and  special  growth 
conditions. 

From  1900  to  1906  chief  attention  was  given  to  the  rust 
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Fig.  37.— The  Effect  ot  Soil  Alkallnltjr  plus  Wbeat-nwt  InCecUon :  Id  tbl« 
aerlen  of  pots,  the  seeds  were  from  the  BSnie  head  and  were  of  equil 
weight.  The  soil  for  the  pots  wsa  taken  from  ■□  over-alkBline  .am 
Id  a  wheat  Seld  at  Devlli  I«ke.  Clirk  KeUey  Farm.  Under  (A),  solla 
were  purified  by  d  I  aeon  tin  nous  auto-davlDg.  ateamlDg  under  high  pres- 
sure. Under  (b)  boIIs  were  not  puctfled.  Under  (A)  pot  marked  "19" 
repreaentH  the  growth  from  purlSed  seedling  In  the  paiHted  aoll.  Pot 
marked  "IS"  shows  the  growtb  from  uopnrlBed  seedling  on  parifled 
■oil.  Under  )b)  the  left  pot  shows  the  (rowtli  from  parlfled  aeedUng 
on  anpurlBed  soil.  The  last  pot,  marked  "1912",  repreaeots  tlie  growth 
from  an  nnpnriHed  seedling  on  anpurifled  soil.  This  eiperlment  with 
others  ot  similar  nature  demonstrate  tliat  many  of  the  ao-called  alkali 
spots  fail  to  develop  normal  wbeat  not  becanae  of  over-aikalltiltr,  bat 
because  of  high  alkalinity  aiaodated  wltb  root  diieaseL  Wbtn  lacb 
tolls  are  purJSed  of  root  diseases,  wheat  thrlTea  tbere.  Tbig  Is  an 
eiaetlr  similar  finding  to  that  which  has  been  previously  Worked  out 
tor  flai  by  tbia  Department.  Wheat  eao  stand  high  alkallnltr  of  aoll, 
but  It  canoot  do  so  In  the  presence  of  root. blighting  fangl.  (See  table 
No.  ZIl). 
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problem  to  ascertain  the  results  of  such  conditions  upon  that 
disease  and  upon  the  crop.  Notes  were  taken  from  day  to  day 
from  the  time  the  seeds  were  planted  until  harvested.  The 
seeds  were  always  saved,  recorded  as  to  characteristics,  and 
again  prepared  for  planting  on  the  following  years  on  the 
same  soil,  or  on  special  check  beds. 

These  experiments  with  numerous  widely  distributed  field 
observations,  resulted  in  the  following  conclusions:  (1)  There 
are  other  more  destructive  diseases  of  wheat  and  of  allied  cere- 
als than  either  stinking  smut  or  black  mst  of  w&eat;  (2)  A 
number  of  all  of  these  diseases  may  act  upon  individual  plants, 
or  upon  the  crop  separately  or  together;  (3)  Weather  and  soil 
conditions  which  tend  to  favor  one  of  these  fungus  troubles 
are  apt  to  be  favorable  to  the  others;  (4)  When  all  are  acting 
together  the  sturdiest  wheat  selections  cannot  be  expected  to 
mature  normal  seed,  though  it  now  seems  to  be  proved  that 
certain  selections  made  under  the  conditions  of  survival  indi- 
cated above  are  much  sturdier  than  ordinary.    During  these 
years  of  experiments  and  observations,  many  strange  anomar 
lies  in  cropping  have  been  recorded,  for  example:  (1)  Wheat 
crops  containing  much  smut  with  the  rest  of  the  grain  essen- 
tially of  normal  plumpness;  (2)  Associated  strains  on  same 
lands,  with  but  a  slight  amount  of  smut  in  the  crop  the  rest  of 
the  grain  thoroughly  shrivelled;  (3)  Crops  of  very  rusted  wheat 
straw,  in  which  no  plump  grain  could  be  obtained ;  (4)  Crops 
of  equally  rusted  wheat  straw  so  pronouncedly  rusted  that 
there  were  hardly  any  straw-surfaces  free  from  pustules  and 
yet  the  grain  was  plump ;  (5)  Crops  with  essentially  smut  and 
rust  free  straw,  yet  no  plump  grain. 

There  is  also  much  evidence  that  certain  pieces  of  soil  tend 
always  to  give  similar  types  of  shrivelled  or  ''deteriorated** 
grain,  showing  peculiar  markings,  colorations  and  types  of 
shrivelling.  These  soil  and  seed  troubles  were  observed  to  be 
directly  associated  with  approximately  constant  wheat  crop- 
ping, or  with  the  use  of  seed  from  such  regions.  The  problem 
was  then  attacked  in  various  ways  with  the  view  of  ascertain- 
ing causes. 

OatUne  of  Special  Investigations  and  Conclusions:  The 
following  outline,  in  part,  indicates  the  field  of  investigation 
on  which  we  have  based  the  conclusions  as  to  the  cause  of  crop 
deterioration  and  apparent  soil  deterioration. 

1.  Normal  and  Abnormal  Features  of  Crop  and  Seeds: 
We  have  made  a  survey  of  normal  and  abnormal  peculiarities 
of  the  various  varieties  of  wheat  and  other  allied  crops,  espe- 
eiaUy  as  applied  to  the  seeds,  and  the  growing  plants.  Special 
studies  have  been  made  in  the  laboratory,  seed  houses  and  on 
farm  crops,  under  special  conditions.    The  field  examinations 
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have  extecded  into  the  wheat  regions  of  other  states,  including 
Btndiefi  upon  winter  wheat,  barley,  etc.  A  very  close  study  of 
the  wheat  fields  of  North  Dakota  has  been  conducted  upon  the 
varions  types  of  soil.  This  survey  brought  out  the  facts :  (a) 
That  there  are  a  number  of  diseases  of  w'heat  other  than  the 
commonly  known  ones  which  show  such  specific  characteristics 
that  any  observing  person  can  detect  them  on  young  growing 
plants  and  maturing  crops,  on  the  stubble,  on  the  roots,  or  on 
the  seed  in  the  bin;  (b)  That  the  crop  is  often  attacked  not  by 
one  fungus  alone  but  by  several  under  such  conditions  that  it 
may  be  difScult  to  specify  that  a  given  trouble  is  produced 
by  one  particular  fungus,  for  example,  internally  in  the  same 
seed  there  may  be  present  two  or  three  species. 

Black  pointed  grains  may  be  caused  by  one  or  more  specific 
fun{<i,  the  species  of  which  can  only  be  determined  by  histolog- 
ical and  cultural  methods.  Seedling  wheat  plants  when 
one  to  four  or  five  blades  high  may  show  certain 
peculiar  characteristics  of  the  roots.  On  wheat-sick 
areas,  throughout  the  NortJiwest,  the  under-ground  por- 
tions of  such  young  plants  almost  uniformly  carry  a 
creosote  or  tobacco  colored  darkening  of  the  stem  portions 
and  sheathing  portions  of  the  plants  while  normal  wheat  plants 
from  undiseased  grains  occurring  on  clean  virgin  land  or  on 


Fig.  SS.— BtowlnK  dlBeiae  bearinc  dust  aod  dlrf  onto  tbe  othei  teUaw'H  rarm 
■nd  OD  to  tbe  soils  of  tlie  nstlie  prairie  heretofore  tree  from  aaeh 
dlaeascB  aa  described  Id  this  bnlIeUn. 

purified  soil  are  invariably  white,  yellowish  white  or  greenish 
white  in  their  parts  below  ground.  Some  of  the  plants  often 
show  these  dark  or  creosote  colored  portions  on  the  first  and 
second  joints  above  ground  at  about  the  time  when  the  grains 
begin  to  head  out.  At  least  four  parasites  have  been  removed 
and  tested  which  are  able  to  produce  this  peculiar  creosote  col- 
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oration.  The  intensity  of  the  color  effects  of  these  vary.  In 
some  cases  the  action  or  results  of  one  parasite  may  be  so  in- 
tense as  to  mask  the  color  of  others  fully  as  destructive.  Fungi, 
known  under  the  generic  names:  Helminthosporium,  Fusa- 
rinm,  CoUetotrichum,  Altemaria,  Macrosporium,  each  apparent- 
ly have  capabilities  of  producing  the  creosote  coloration  though 
it  is  perhaps  most  pronounced  under  the  action  of  the  first  two 

Table  No.  XIII.  Tbe  Drlftliig  of  Parasitic  Foogl  by  Winter  Winds  Crom 
Field  to  Field:  Studies  hSTe  been  made  by  centrifnge  examination  of  snow- 
drifts. After  melting  a  large  Tolnme  of  snow  and  thorooffbly  sbaklng  tbe 
resultant  wat^,  tbe  same  was  filtered  tbm  ordinary  filter  paper.  Tbe 
residue  after  drying  was  examined  in  10  gram  lots,  centrifoged  in  10  cc  of 
distilled  water.  Different  drops  of  tbe  residne  found  in  tbe  centrlfnge  were 
<>xamlned  by  microscope,  and  pure  cnltnree  were  made  from  otber  drops  from 
the  same  solntion.  Fifteen  of  sucb  snow  drifts  were  examined  in  tbe  spring 
of  1913.  Only  drifts  which  were  a  long  distance  from  cultivated  fields  were 
examined.  Tbe  snow  used  was  taken  from  tbe  College  campos  from  a  close- 
clipped  bine-grass  lawn  protected  by  hedges  and  otber  sbmbbery.  The 
following  are  tbe  results  from  two  of  tbe  fifteen   drifts: 


Microscopic  Bxamination 


Drop  1. 


Drop  2. 


Drift  No.  1  Resting  spores 
Resting  spores  of  wheat  rust, 
of  wheat  rust,  Spores  of  AU 
Spores    of    Al-  temaria,    Varl- 


temaria.  Vari- 
ous Fungal  Fll- 
ameots,  B  a  c- 
terla. 


No.     3 

Fungal 

ents, 

of 


ous  Fungal  Fil- 
aments, B  a  c- 
terla. 


Drop  3. 


Spores  of  wheat 
smut;  Broken 
fungal  Fila- 
ments. 


Broken  Broken  Fungal 
Fila-  Filaments. 
Spores  Spores  of  Fti- 
gp.      aarium. 


Various  un- 
known,  unde- 
termined Fun- 
gal  hyphae. 


Drop  4. 


Broken  parts  of 
various    Fungi. 


Fungal 
ments 


Flla- 


Plate  Cultures. 


Growth  on  Agar 
Cultures. 


Bacteria,  Alter- 
naria  and  vari- 
ous   molds. 


Fusarium  8p, 


Numerous  types  of  undetermined  fungal  filaments  were  present  in  tbe 
fifteen  different  drifts  examined.  We  list  the  following  definite  types  of 
spores:  Spores  of  wheat  rust,  Altemofia,  Uitoor,  A§p0rffiUu$t  various  types 
of  srant  spores,  Fmsarium  and  many  tjrpes  of  secondary  spores  including 
those  of  the  family  of  Bryslpbeae,  and  bacteria.  These  results  of  snow 
drift  examination  are  directly  comparable  to  previous  work  done  upon  tbe 
drlftingr  of  weed  seeds  by  winter  winds.  (See  Bulletin  17  N.  D.  Bxperiment 
i^tation,  1895,  where  it  is  shown  that  the  seeds  of  practically  all  native  plants 
and  weeds  drift  by  winter  winds  and  accumulate  in  snow  drifts  upon  lands 
otbor  than  those  upon  which  they  are  grown.  As  the  infectious  diseases  of 
the  icraln  crops  produce  countless  numbers  of  spores  upon  the  stubble,  it  is 
fasy  to  understand  that  when  a  crop  becomes  general  such  diseases  will  drift 
from  field  to  field  and  from  farm  to  farm).     (See  Figures  88  and  89.) 

genera  named.  The  wheat  lands  in  which  the  bulk  of  the  plants 
show  this  coloration,  when  the  plants  are  young,  may  be 
eounted  on  to  produce  shrivelled  seed  under  ordinary  weather 
conditions.  If  rust  conditions  also  are  present  the  crop  may 
be  looked  upon  as  certain  to  be  very  badly  reduced  in  yield 
and  quality  of  grain.  In  case  the  plants  show  a  marked  ten- 
dency to  die  out  when  young  as  if  the  roots  had  been  eaten 
off  by  insects,  such  plants  usually  show  either  a  cream  colored 
or  a  greyish  colored  mouldy  appearance  of  the  plants  and  roots 
at  or  below  the  ground  line.    The  chief  cause  of  the  dying  in 
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sucli  eases,  is  occasioned  by  fungi  of  the  genera  Fnsaritun  and 
Colletotrichnm.  FnsaTium  often  produces  peculiar  pinkitdi 
colorations  of  the  grain  and  root  parts.  The  fungus,  known 
as  Colletotrichum  appears  to  be  much  more  nearly  a  pure  para- 


ng. 38. — Plctnrc  Bhovlns  wind  action  «nd  the  dirt  bearing  E«tur«  of  SDOir 
drirtB.  Such  fluow  Is  ladeo  wltti  dirt  md  dnst  wblch  h>i  been  blowo 
from  ploved  fields  or  from  stubble  lleldg.  Onr  experiments  Bhow  tbat 
It  majr  Hlso  be  full  of  weed  Beeds  and  tbe  spores  of  wheat  and  flai 
disease  producing  fungi,  even  though  tbe  auow  examined  lies  on  the 
native  prairie  a  long  distance  from  any  cultivated  land.  (See  Bnl- 
letlD  No.  IT  N.  D.  Eip.  Sta.,  also  Table  No.  XIII.) 

site  in  its  mode  of  acting  upon  the  plant.  It  is  difBcnlt  to  cer- 
tainly detect  this  fungus  on  the  seed  and  on  the  roots  except 
by  pure  culture  methods,  but  is  readily  recognizable  by  means 
of  Its  definite  pin-point-like  pustules  and  peculiar  hair-like 
structures  which  break  out  upon  the  stems  and  leaves  and 
sheaths  of  nearly  mature  plants.  Each  of  the  various  types 
of  injured- grains  as  pink-eolored,  black-pointed,  white  bellied, 
etc.,  breed  true,  reproduce  themselves.  Certain  conditions  of 
soil,  weather  and  variety,  however,  seem  to  largely  affect  the 
development  of  these  features. 

2.  Histology:  Histological  studies  have  been  conducted 
upon  normal  and  abnormal  plants,  seeds,  seedlings,  roots,  stems, 
leaves,  beads,  flower  parts,  etc.,  to  determine  the  myeological 
flora  of  the  wheat  plants  externally  and  internally.  The  chief 
method  in  this  case  has  been  to  imbed,  section  and  carefnlly 
study  various  parts  of  normal  and  abnormal  plants  from  the 
seeds  to  the  mature  plants.  From  these  studies  we  have,  from 
year  to  year  learned:  (1)  that  the  fungi  which  we  are  now  list- 
ing as  effective  in  causing  crop  deterioration  and  wheat-siek 
land  are  essentially  cosmopolitan  in  distribution,  and  that  they 
are  often  closely  associated  in  attack,  even  upon  the  individual 
plant;  (2)  that  each  of  them  may  be  conveyed  either  by  the 
seed  or  by  the  straw  parts;  (3)  that  the  mode  of  attack  is  prob- 
ably for  each  nf  them  most  direct  and  most  commonly  from  a 
previously  infected  seed,  but  that  the  land  may  become  so 
fllled  with  old  straw  parts  and  decaying  humus  that  no  healthy 
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wheat  can  root  there  without  becoming  attacked  so  that  the 
roots  are  badly  destroyed.  The  wheat  only  jhangs  on  to  the 
gnnind  in  snch  spota  because  of  its  ability  to  re-root  and  send 
down  new  root  parts,  it  being  unlike  flax  in  this  respect,  flax 
only  having  one  root  to  lose  dies  away  leaving  a  bare  spot 
while  wheat  clings  to  the  ground  and  is  finally  able  to  send  up 
one  or  two  straws  where  otherwise  it  might  have  stooled  freely 
were  it  not  for  the  root  destruction.  Under  such  conditions, 
farmers  and  agriculturists  have  often  blamed  tillage  methods 
and  weather. 

Infection  may  also  take  place  from  the  outside  by  wind 
blown  spores.  It  is  also  probable  that  the  most  rapid  ascent 
thru  the  straw  from  the  ground  upward  to  the  head  is  by  means 
of  the  growth  or  development  of  such  fungi  in  the  sheaths  and 
sheathing  leaves,  though  this  is  not  necessary  as  our  pure  cul- 
ture experiments  show  that  anyone  of  these  parasites  may  be 
obtained  from  the  interior  of  nodes  and  intemodes  of  what 
would  to  the  ordinary  eye  appear  to  be  normal  wheat  straw. 

3.  Special  Plantings:  Special  plantings  oL normal  seeds 
have  been  made  in  contrast  with  seeds  of  peculiar  character- 
istics as  to  weight,  color,  disease  markings,  etc.,  contrasting 
with  checks  of  normal  type  of  seed  from  the  same  variety  and 
with  apparently  normal  seeds  from  the  same  plant.  Such 
plantings  have  been  made  in  sand  cultures,  water  cultures,  vir- 
gin soil,  wheat-sick  soil  sterilized  by  steam  and  by  chemicals  of 
various  types.  There  have  been  plantings  in  pure  agar  cul- 
ture medias.  These  experiments  have  gi^ven  us  opportunity  to 
determine  in  a  definite  way  the  characteristic  plant  growth 
which  might  be  expected  from  a  given  type  of  seed.  These 
plantings  have  enabled  us  to  appreciate  how  difficult  it  is  to 
procure  really  normal  wheat  seed  and  normal  seeds  of  other 
eereals.  Many  seeds  which  would  be  spoken  of  as  normal  by 
the  average  judge  of  wheat  are  found  to  be  internally  diseased 
or  at  least  so  infected  thru  their  seed  coats  that  it  is  impossi- 
ble for  them  to  produce  a  normal  plant  even  though  properly 
disinfected  by  the  ordinary  methods  of  seed  disinfection.  The 
ordinary  smut  treatments  on  ordinary  types  of  seed  give  benefit 
by  destroying  spores  of  the  wheat  root  fungi  on  the  exterior, 
but  are  usually  insufficient  to  kill  the  fungi  under  the  bran 
layers.  The  very  great  benefits,  however,  which  are  derived 
from  the  common  methods  of  treating  oats  and  barley  for  smut 
are  we  believe  largely  due  to  purifying  the  shucks  or  enclosing 
chaff  scales  and  bran  layers.  The  chaff  scales  of  oats  and  bar- 
ley being  often  thoroughly  infected  with  root  disease  produc- 
ing fungi  are  very  destructive  to  the  seedling  plants  unless 
disinfected. 

These  special  plantings  of  individual  seeds  and  selected 


seeds  from  pure  varieties  and  pure  strains  teach  that  in  the 
future  fight  against  unsanitary  soil  conditions  in  wheat  crop- 
ping, faimars  hare  a  problna  of  no  Bmall  difflonlty  bMame  of 
the  real  difficulty  of  procuring  wheat  and  other  cereals  frao 
from  interral  infection.  These  experiments  make  it  more  easy 
to  understand  the  conflicting  results  w'hich  have  been  obtained 


■ector  of  a  Urge  fair;  Hok  fonod  on  tbe  ucplowed  riixln  lod  IsDdi 
of  the  rellotritoue  Valley,  near  BIdne;.  Mont.  Notice  wbere  tb*  mnab- 
room  (puff-balla)  grow,  that  moet  Idnds  of  tbe  native  gnasea  ire  de«d 
or  Dearly  so.  In  western  portions  o(  North  Dakota  aod  BSaitem 
Montana,  when  sucb  a  ring  la  plowed  across,  ft  does  not  nsually  produce 
flai  at  all.  Sometimes  it  practically  taiU  to  produce  either  barley  or 
wheat  In  thli  particular  ring,  the  (all  native  grasses  are  chleBj  west- 
ern wheat  (Agropjron),  and  spear  grass  (SOpa).  These  were  usu- 
ally cankered  off  by  a  species  of  Co  lis  (o  trie  Ann.  A.II  native  wild  flai 
plants,  Linum  sulcatum  and  lAnum  perenne,  were  cankered  oil  or  dead 
on  this  ring.  This  bolda  troe  In  pracHcaHy  »H  such  fairy  rings  whore 
native  Oai  grows  on  snrroundlng  lands.  These  fairy  rlncs  are  found 
In  many  slsea.  Different  types  of  mushrooms  grow  at  dllTerent  sea- 
aooa.  Moat  such  [alcy  rings  probably  have  origin  In  the  droppings  Of 
cattle  or  horses,  pasturing  Id  circles  while  the  snow  la  on  the  grannd 
and  in  the  early  sprlog  following.  The  spores  of  tbe  musbroom  and 
paff'balls.  and  probably  also  the  resting  spores  of  flai  fnngl  and  those 
which  destroy  the  wbeat  grasses  pass  thru  the  alimentary  tract  ol 
berblTom  benefited  tn  germinaUon  and  are  tbus  concentrated  oa  socll 
areas  and  continue  to  develop  there.      (See  Figt.  SI,  41  and  4t.) 

by  different  experimenters  when  working  with  wheat  under 
supposed  accurate  conditions  of  contrast,  as,  for  example, 
variety  tests,  crop  rotation  trials,  fertilizer  experiments,  water 
cultures,  sand  cultures,  respiration  experiments,  paraffin  basket 
tests,  etc.   SometimM  tbere  have  been  intwnally  inf  eoted  s«edB 
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flometimes  disease  infected  scrils^  sometimes  infected  manures, 
etc.,  sometimes  not.  These  infection  factors  being  variable  as 
to  presence  and  always  very  destructive  when  present  largely 
vitiate  general  conclusions  from  such  experiments,  especially 
in  case  of  trials,  contrasting  individual  plants  or  small  plots. 
It  is  also  now  easy  to  understand  why  one  person  may  succeed 
in  getting  a  very  much  enlarged  crop  thru  certain  kinds  of 
cropping  and  cultivation  while  another  who  has  more  badly 
diseased  seed  or  infected  soil  fails  to  reap  the  benefits  from  even 
a  better  rotation  and  better  cultivation  conditions. 

4.  Fertilizers  and  Disinfectants :  Experiments  have  been 
conducted  with  artificial  fertilizers  and  soil  disinfectants  ap- 
plied to  plots  of  wheat  disease  infected  land,  using  seed  of  known 
origin  and  of  like  strain.  These  experiments  show  that  wheat- 
sick  soil  can  be  disinfected  in  such  manner  that  a  very  much 
greater  growth  of  straw  and  grain  may  be  realized  and  asso- 
ciated with  a  great  improvement  in  quality.  The  improvement, 
as  shown  by  some  fertilizer  trials  is  often  very  marked.  It 
has  been  clearly  proved  in  our  experiments  that  certain  addi- 
tions of  fertilizers  produce  marked  results  in  the  quality  of  seed. 
We  find  that  these  improved  conditions  as  to  seed  are  con- 
sonant with  a  lessened  apparent  virility  of  attack  in  the  various 
fungi  upon  the  straw  and  upon  the  seed.  Under  the  condi- 
tions in  which  we  have  worked  in  the  field,  we  have  never  been 
able  to  entirely  eliminate  the  presence  of  the  diseases  tluni  the 
use  of  chemicals  or  fertilizers.  Some  one  or  other  or  several  of 
the  diseases  may  be  found  upon  essentially  every  straw  of  all 
the  plots,  but  in  comparative  amount  and  effect,  they  are  found 
very  greatly  reduced  under  certain  treatments  and  crop  im- 
provement follows.  See  notes  on  weight  quality,  crushing 
quality,  color  quality,  milling  tests,  etc.,  as  stated  elsewhere  in 
this  bulletin. 

5.  Soil  Sterilization  or  Purification  and  Seed  Disinfection : 
Experiments  in  soil  sterilization  and  seed  disinfection  have  been 
conducted,  as  follows:  (a)  Disinfection  to  eliminate  internal 
infection  of  seeds  for  pure  cultures  in  agar  and  for  trial  in 
individual  sterilized  pots;  (b)  Purification  or  disinfection  of 
pure  bred  strains  of  seed  for  contrast  with  similar  pure  selec- 
tions not  so  purified  for  trial  in  field  plots ;  (c)  Pur&cation  of 
large  areas  of  ground  in  the  field  by  means  of  steam  in  which 
the  ground  was  heated  for  a  depth  of  from  fourteen  to  eighteen 
inches,  etc.  The  results  of  these  experiments  indicate  that 
ordinary  fungi  and  bacteria  so  far  as  the  individual  wheat 
plant  is  concerned  have  little  influence  on  its  growth. 

Sterilization  of  soil  always  gives  improved  first  growth  even 
though  the  seed  is  of  poor  quality  and  much  diseased.  If  the 
seed  is  much  diseased,  sterUization  often  does  not  show  con- 
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tinned  improved  growth,  bnt  may  result  in  a  quicker  destruc- 
tion of  the  plants. 

When  soil  sterilization  is  essentially  perfect  and  the  seed 
proves  to  be  internally  disease  free,  the  growth  of  the  young 
wheat  plants  results  in  proper  stooling,  white  portions  under- 
groundy  pure  white  roots,  and  a  heavy  growth  on  lands 
which  have  long  since  been  supposed  to  be  "cropped  out/' 
These  experiments,  associated  with  inoculation  experiments, 
prove  conclusively  that  such  increased  growths  are  not  due 
merely  to  slight  chemical  change  of  the  ground,  such  as  in- 
creased solubility  of  plant  foods;  for  the  simple  introduction 
of  a  few  viable  spores  of  one  or  other  or  several  wheat  root 
destroying  fungi  immediately  throws  the  purified  soil  back 
into  its  old  condition  of  inability  to  produce  anything  but  "tip 
bnmed,"  "sun  scalded,''  creosote  colored  plants  with  stubbed, 
discolored  roots.  A  similar  destructive  result  may  be  brought 
about  by  the  application  to  such  purified  soils  of  powdered 


Table  No.  XIV.  Bffect  of  CompostlDg  Fresh  Manuren  upon  Root  and  Stem 
Parmsltes  of  Wheat  and  Flax :  In  the  winter  of  1903  fresh  barnyard  manure 
warn  baaled  direct  from  the  stable  and  piled  in  a  compact  pile  until  about 
three  feet  high,  one  rod  long  and  ten  feet  wide.  Onto  this  mass  of  fresh  manure 
were  then  laid  bundles  of  flax  straw  thoroughly  infected  with  the  flax  wilt 
and  flax  canker  fungi.  These  bundles  were  attached  to  fine  brass  wire  so  that 
they  could  be  recovered  at  will.  Three  feet  more  of  fresh  manure  was  then  added 
and  comiwcted  upon  them  in  the  form  of  small  but  proper  compost  heaps.  After 
nine  months,  careful  microscopic  and  pure  cultural  examinations  were  made  of 
the  flax  straw  with  the  result  that  no  Fuaarium  Uni  or  CoUetotriohum  lini,  or 
other   flax  parasite  were  found  upon  or  in   the  decomposed  flax  sttaw. 

In  March,  1913,  three  carefully  prepared  compost  heaps  20  ft.  by  12  ft.  bv 
4  ft.  deep  were  prepared  by  hauling  fresh  barnyard  manure  direct  from  horse  and 
cow  stables  made  from  the  miscellaneous  cereal  bedding,  mostly  wheat.  Bach 
day  the  pile  was  thoroughly  tramped  and  compacted  to  imitate  the  proper  con- 
Btmctlon  of  an  ordinary  compost  heap.  Into  the  middle  of  these  wires  were 
Introduced  carrying  bundles  of  straw  to  test.  In  Compost  Pile  No.  1  small 
bundles  of  flax  straw  from  flax-sick  areas  were  attached  to  galvanized  wires 
so  that  they  could  be  recovered.  In  Compost  Heap  2,  wheat  stubble  from  wheat- 
sick  areas  in  small  bundles  were  likewise  attached  and  then  more  fresh  manure 
was  compacted  upon  the  piles  so  tbat  the  bundles  finally  rested  In  the  interior 
middle  line  of  the  heaps.  In  December  of  1913  the  first  bundles  were  removed 
from  the  compost  heaps  and  examinations  made  for  the  effect  of  decomposition 
npon  the  root  and  seed  destroying  organisms.  The  straws  in  the  bundles  were 
found  to  be  as  yet  fairly  well  preserved  In  texture,  but  indicated  decomposition. 
Eleven  straws  from  the  flax  bundles  were  carefully  tested  microscopically  and  by 
pure  culture  methods,  with  the  following  results:  One  growth  otAltemaria,  one  of 
Fu9arium,  one  of  A9perffillu9  and  common  decay  forms  of  bacteria  in  all. 

From  the  compost  heap  In  which  the  wheat  bundles  were  stored,  12 
neparate  culture  tests  were  made  and  only  two  of  them  produced  fungi  of 
filamentous  form,  one  unknown  organism  and  one  mucor, — all  others  gave 
o^ly  bacteria. 

Test  composting  in  such  small  compost  heaps  is  of  course  not  comparable 
in  Its  effects  to  the  work  which  is  done  in  large  farm  compost  heaps  as  shown 
In  Figure  42,  but  the  trials  are  sufFiclent  to  indicate  that  proper  composting 
Is  very  destructive  to  all  filamentous  fungi.  As  the  ordinary  compost  heap 
remains  three  years  before  it  is  hauled  out  our  tests  from  those  heaps  have 
always  shown  them  to  be  essentially  free  from  disease  producing  fungi  or  weed 
seeds  of  any  sort. 

roots  of  wheat  plants  from  wheat-sick  soil.  The  results  from 
these  experiments  are  so  conclusive  that  when  properly  con- 
ducted the  person  who  has  carried  out  the  experiments  can 
have  no  doubt  that  he  has  observed  the  workings  of  specific 


diseases,  the  chief  factors  in  eo-called  crop  deterioration  and 
soil  deterioration  of  the  wheat  lands  of  the  Northwest.  He  is 
also  at  once  in  position  to  better  tinderstand  the  merits  of  the 
"tozine"  tlieories  of  crop  deterioration;  and  the  insQfficiency 
of  the  reasons  offered  by  those  who  would  explain  the  deficien- 
cies shown  in  the  wheat  crops  grown  upon  so-called  wheat  ex- 
hausted lands  by  merely  referring  to  lost  fertility,  poor  tillage 
methods,  etc. 

6.  Fungus  and  Bacterial  Flora  of  Wheat-Sick  Soils: 
Studies  have  been  made  in  pots  and  plots  upon  the  fungus  and 
bacterial  flora  of  wheat-sick  soils  as  influenced  by  special 
methods  of  fertilizing.  The  crop  has  also  been  studied  as  to 
the  influence  of  fertilizers  and  chemicals  upon  the  growth  of 
fungi  in  the  straw  and  grain.  Certain  methods  of  fertilizing 
and  purifying  such  soils  really  influence  the  growth  of  the 
fungi  in  the  soil  yet  we  have  found  no  soil  condition  in  which 
wheat  can  thrive  in  which  the  root  fungi  may  not  also  persist 
in  sufficient  quantities  to  injure  the  crop.  It  is  very  clear  that 
under  certain  conditions  of  soil  fertilizing  in  the  presence  of 


rift-' 42.— The  oonimoi:i  method  of  hnndllSK  Tresh  mannreB  direct  from  tlie  stablra, 
Bliowlug  the  manoer  of  drlTlnR  direct  over  the  pile  with  ■  dump  wsKon 
fo  sg  to  keep  It  thoroughly  compacted  to  prevent  Srefsng.  Tbrce  ye&n 
of  BUch  eoinpoatlng  gives  y«lu«ble  compost  esBeutlBllj  weed  aeed  •nd 
diBi'Bse  free.  The  oatsldes  of  aueb  piles  should  be  rentoTCd  betore 
bHullog  to  the  Bold. 

disease,  the  destruction  to  the  crop  may  be  very  greatly  in- 
creased or  considerably  minimized.  For  example,  the  addi- 
tion of  phosphates  to  a  wheat-sick  soil  already  containing  suffi- 
cient phosphates  to  produce  a  crop  may  in  the  presence  of  root 
diseases  greatly  increase  the  quality  of  grain  produced.  From 
our  experiments,  it  is  evident  that  the  beneflts  arising  from  the 
added  phosphates  is  not  due  to  the  fact  that  '  the 
phosphates  particularly  act  like  a  disinfectant  or  killer 
of  fungi,  but  that  it  has  a  tendency  to  harden  the 
straw,    making    it   difficult    for    the    fungi    to    invade    from 
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the  roots  upward  so  as  to  reach  and  injure  the 
quality  of  the  grain  or  sufficiently  to  cause  a  cutting  off  of  the 
supply  of  moisture  and  food  from  below.  Ordinary  potash, 
lime  and  other  alkalies  were  found  to  be  detrimental  on  many 
of  onr  plots  not  as  we  interpret  it  because  these  lands  could 
not  stand  the  addition  of  further  potash,  but  because,  in  the 
presence  of  certain  of  the  wheat  root  destroying  fungi,  which 
appear  to  be  lovers  of  an  alkaline  condition  of  the  soil,  wheat 
is  not  able  to  compete  with  the  increased  growth  of  fungi  un- 
der such  .heightened  cellulose  destroying  conditions.  Again, 
in  the  case  of  the  addition  of  nitrogen  fertilizers,  if  the  soil  were 
sterile  or  free  from  the  fungi  it  could  stand  a  considerable  ap- 
plication as  of  nitrates  or  barnyard  manures,  dried  blood,  etc., 
but  in  the  presence  of  the  root  destroying  fungi  such  fertiliz- 
ers  induce  a  soft  vegetative  growth  which  the  parasitic  fungi 
readily  ramify  and  are  able  to  destroy.  Under  such  vegetative 
conditions  the  cellular  structure  soon  becomes  disorganized, 
and  the  stems  either  break  over  or  fail  to  properly  function  in 
their  work  of- filling,  maturing  the  grains. 

7.    Fungus  Flora  of  the  Straw  and  Seed:    Studies  have 
been  made  of  the  fungus  flora  or  content  of  wheat  plants  as 
prown  upon  wheat-sick  soils,  on  special  fertilized  areas,  on 
sterilized  plots,  and  on  new  soil  areas.    The  purpose  has  been 
to  procure  pure  cultures  of  the  fungi  which  live  naturally  upon 
and  in  the  wheat  roots,  straw,  leaves^  chaff  heads,  grains,  etc. 
This  pure  culture  work  has  thrown  light  on  the  subject  of 
cereal-sick  soils.    It  clearly  indicates  the  difficulties  involved 
in  any  future  attempt  which  may  be  made  to  improve  cropping 
conditions  upon  old  wheat-sick  areas  and  in  regions  where  the 
wheat  crop  is  essentially  a  general  one.    The  disease  produc- 
ing fungi  are  seldom  absent  from  any  single  piece  of  land.    It 
is  seldom  any  piece  of  growing  wheat  straw  is  .free  from  one 
or  other  of  such  futigi.      One  seldom  finds  the  interior  of  a 
wheat  plant  which  is  growing  upon  wheat-sick  soil,  or  which 
has  been  originated  from  wheat-sick  seed  that  is  free  from 
one,  two  or  more  of  the  root  destroying  fungi.    Very  often  two 
or  three  of  the  fungi  are  present  on  the  interior  of  the  same 
seed,  the  same  root,  the  same  node  or  intemode  of  the  straw. 
Some  of  them  have  greater  preference  for  one  part  of  the  plant 
than  another  with  the  result  that  a  plant  is  very  apt  to  furnish 
cultures  of  every  one  of  the  fungi.    This  is  especially  true  if 
the  soil  is  quite  fertile  and  there  is  anything  like  an  excess  of 
the  idtrogenous  over  the  mineral  food  elements.    In  such  pure 
culture  work  we  have  definitely  separated  species  of  the  follow- 
ing genera  which  are  proved  capable  of  causing  the  death  of 
young  wheat  plants  or  of  reducing  and  shrivelling  the  grain 
when  applied  to  the  maturing  heads.    They  are  Alternaria, 


Macrosporium,  Helminthosporium,  Acrothecium,  CJolletotri- 
chum,  Fusariom  and  Cephalotheeiom.  Each  of  these  can  be 
obtained  from  the  seed  coats  and  interior  of  the  grains  from 
this  region  and  from  wheat  Bamplea  from  almost  any  wheat 
growing  region  in  the  world. 

8.  Crop  Production :  Comparative  Crop  Production  on 
Tarioos  epecifically  prepared  plots  arranged  to  contrast  the 
quality  of  grain  and  straw  produced,  as  above  indicated,  show 
that  the  apparent  deterioration  of  the  soil  and  the 
evident  deterioration  of  the  wheat  under  constant  crop- 
ping to  wheat  are  due  to  the  unsanitary '  condition 
of  the  soil  and  seed  because  of  the  direct  action  of 
parasitic  fungi  or  semi-parasitic  fungi.  If  correct,  snch  ex- 
periments as  we  have  outlined  above  should  give  results  show- 
ing a  reasonable  relation  between  the  presence  or  absence  of 
the  fungi  and  the  amount  and  quality  of  grain,  type  of  straw 
produced,  etc.  To  determine  this  each  year,  the  crop  weights 
have  been  carefully  taken  and  the  harvesting  dates  for  com- 
parable plots  have  been  kept  so  that  the  samples  could  be  prop- 
erly compared.     Plots  have  been  harvested   in  such   manner 


Vig.  43,^Sugsr  beets  are  not  a  good  rotatloD  crop  for  potatacB.     Beet*  tarj 

the  dtseBBe  known  as  potato  scab. 

that  they  were  not  exposed  to  the  action  of  moistnre,  being 
shocked  under  canvas  or  at  once  stored.  We  are  thus  able  to 
judge  the  quality  of  grain  produced  as  to  color  relations,  weight 
relations  and  milling  qualities  without  having  to  enter  into  the 
question  of  the  influence  of  weather  injury  after  maturity. 
Begular  weight  tests  have  been  made  of  straw  and  grain  as 
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soon  as  thoroughly  dry,  lit  for  threshing.  To  get  these  tests 
the  straw  of  the  plots  compared  have  been  handled  exactly  the 
same,  palled  by  the  roots  and  cleaned  ofF  or  else  cut  close  to 
the  ground.  The  threshing  has  been  done  in  such  manner  that 
all  of  the  seeds,  no  matter  how  shrivelled  enter  into  the  first 
weight  tests  of  the  seed  and  the  total  weight  of  grain  is  taken. 
The  weight  per  bushel  is  recorded  in  all  cases  of  sufficient  sized 
plots.  After  standard  methods  of  wind  grading,  the  grain  of 
comparable  plots  is  given  a  second  weight  test  on'  the  bushel 
basis  and  is  then  judged  as  to  color  qualities,  milling  value, 
etc.,  by  inspection.  Weight  tests  have  also  been  taken  during 
other  periods  of  growth  than  the  maturity  period.  These 
weights  necessarily  being  made  upon  straw  from  given  areas, 
air  dried.  These  weight  tests  show  variation  from  year  to  year 
and  make  it  very  clear  that  climatic  influences  as  to  rain  fall, 
drought,  rust  invasion,  etc.,  have  a  marked  bearing  upon  the 
conclusions  that  should  be  drawn  but  we  have  tried  to  watch 
the  growth  of  our  crops  so  closely  from  day  to  day  that  we  are 
able  to  note  the  influence  of  these  conditions  of  environment. 
Furthermore,  these  are  apt  to  be  general  factors  which  apply 
equally  to  all  of  the  beds.  Our  plots  are  laid  out  upon  soil  of 
very  equal  chemical  fertility  and  upon  areas  of  land  of  very 
similar  physical  and  drainage  conditions.  Many  factors  which 
might  be  of  great  importance  on  certain  land  areas,  with  us  are 
minimized  because  of  the  almost  actual  uniformity.  From 
these  experiments  it  is  evident  that  the  addition  of  certain 
fertilizers  to  wheat-sick  soil  have  a  direct  bearing  upon  the  type 
of  crop  which  one  year  with  another  one  may  expect.  Under 
differing  weather  conditions,  the  results  vary.  It  is  therefore 
evident  that  in  fertility  tests  the  average  for  a  number  of  years 
will  give  more  reliable  conclusions  than  the  results  for  one  or 
two  years.  Tet,  to  understand  the  influence  of  the  weather 
or  environment  upon  the  fungus  activities  with  relation  to  the 
influence  of  the  fertilizers  upon  the  growth  of  the  crop,  it  is 
necessary  to  consider  the  condition  of  each  year  separately  by 
direct  study  of  the  individual  products. 

The  weight  tests  show  that  usually  the  deterioration  of 
the  grain  can  be  attributed  directly  to  the  comparative  virility 
of  fungus  activity.  In  some  cases  this  increased  activity  may 
be  referred  to  the  seed  used,  and  in  other  cases  to  the  infected 
condition  of  the  soil  or  to  the  direct  influence  of  both  diseased 
seed  and  diseased  soil.  Whether  we  eliminate  the  general 
cropping  factors,  such  as  intense  drought  and  excessive  rain 
or  var3ring  fertility  or  take  these  into  account,  one  can,  from 
the  grain  weights  and  grain  quality  as  to  color,  texture  and 
markings,  essentially  predict  the  comparative  prevalence  of 
the  root  diseases.     This  is  especially  true  when  one  takes  into 


question  the  diagnostic  leatures  of  disease  as  indicated  in  color 
in  normally  cared  grain.  For  example,  the  presence  or  absence 
of  black  points,  pink  grains,  the  presence  or  absence  of  white 
bellies,  the  presence  or  absence  of  scaly,  scurfy  grains,  or  the 
apparent  intensity  of  "bleaching"  and  "blistering." 

9.  Crushing  Tests:  Crushing  tests  have  been  conducted 
upon  typical  average  normal  grains  selected  from  each  plot 
under  test.  These  tests  have  been  done  at  the  same  period 
each  year  upon  grains  from  the  different  plots  when  they 
are  under  similar  conditions  with  regard  to  date  of  harvest, 


Ptg.  *t. — Theap  Bgnres  IHnHfrnte  that  fhrn  proper  breeaing  work  anfl  stand- 
■rdliatloD  of  scei.  farmers  ma;  yet  bope  to  overcame  inch  dlBOKsea  tr 
ar?  dexorltied  In  this  tiulletlu.  These  two  photographa  of  fiax  w^iv 
taken  by  Mr.  W.  A.  Peck  of  the  North  Dakota  Better  FBrmtDg  As 
■oclBtlon  In  Ansaat,  1913.  on  the  farm  of  Mr  M.  Aakrana  of  Norwich. 
N.  D.  The;  show  well  the  comparative  crop  prodaclog  powera  at  the 
vllt  reslatant  flai  known  as  N.  D.  R.  St.  (I)  Common  non-wilt  re- 
Blatant  Sai.  yield  2H  hoaheli  per  acre;  (t)  N.  D.  R.  G2,  wilt  reelatBDt 
Bbi,  yield  12  baaheli  per  acre  of  cleaned  seed.  (See  Bnllettn  DB  N.  D. 
Bip.  Station.) 

storage,  etc.,  with  the  thought  that  such  crushing  tests  ought 
to  show  the  inSuence  of  comparative  presence  or  absence  of 
disease,  the  influence  of  fertilizers  and  of  soil  and  seed  purifica- 
tion.   Our  conclusions  are  that  the  disease  factors  and  the  fer- 
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tilizers  do  influence  ine  texture  of  the  grains,  that  the  ex- 
tent of  such  influence  upon  grains  depends  very  markedly 
upon  the  atmospheric  and  soil  moisture  conditions  under  which 
the  crop  is  produced. 

10.  Milling  Tests:  Milling  tests  are  being  conducted  on 
certain  products  from  the  larger  areas  to  ascertain  how  the 
seed  from  different  plots  compares  in  flour  producing  quality 
with  reference  to  the  varying  amount  of  disease  occurrence, 
effect  of  fertilizers,  etc.  As  might  be  expected,  this  is  rather 
a  test  with  regard  to  the  value  of  certain  methods  of  handling 
the  land  in  connection  with  the  presence  of  the  root  diseases. 

11.  Variety  and  Pure  Selection  Tests  with  Check  Con- 
trol :    There  have  been  conducted  upon  thoroughly  wheat-sick 

Table  No.  XV.  Crop  Rotation  of  Biologically  Non-related  Crops:  Bacb 
crop  in  a  rotation  shonld  be  biologically  or  botanically  non-related, — at  least 
to  each  extent  tbat  individual  crops  in  rotation  do  not  support  eacb  otber's 
d1apati>a.     The  following  table  is  given  as  a  tentative  illustration  of  this  point. 

Tear  Plot  1  Plot   2  Plot    3  Plot  4  Plot  5 

1st  Flax  Wheat  Hay    '  Pasture  Corn 

2nd  Wheat  Hay  Pasture  Corn  Flax 

3rd  Hay  Pasture  Corn  Flax  Wheat 

4th  Pasture  Corn  Flax  Wheat  Hay 

5th  Com  Flax  Wheat  Hay  Pasture 


When  the  plot  is  under  cultivated  crop,  it  is  the  opinion  of  the  writer  that! 
practically  any  cultivated  crop  may  be  used  other  than  corn,  or  several  of  them> 
may  be  Dsed  to  occupy  the  area,  as  for  example:  corn,  potatoes,  mangels  or 
t»eans.  peaa  in  rows,  etc. 

In  tJie  portion  marked  *'hay",  while  alfalfa  or  clover  or  timothy  and  clover' 
mixtures  are  perhaps  preferable,  the  writer  believes  any  pasture  grass  may  be 
used  excepting  possibly  only  the  wheat  grasses  (Aaropurons), .  If  fresh  manure 
made  of  wheat  straw  Is  used,  it  should  be  spread  on  the  wheat  stubble.  If 
fresh  manure  made  from  flax  straw  is  used,  It  should  be  spread  on  the  flax 
stubble  or  on  the  haylands  after  the  hay  Is  cut. 

soil  extensive  variety  trials  and  pure  pedigreed  selection  trials 
under  contrast  to  ascertain  the  relationship  of  the  root  diseases 
to  the  type  or  variety  of  wheat  under  consideration,  possibility 
of  improvement  by  selection  and  by  eliminaticm,  etc.  As  might 
be  suspected  the  different  varieties  and  different  strains  show 
much  variation  in  crop  producing  quality  but„  as  a  whole,  ihe 
general  varieties  of  wheat  behave  in  a  comparatively  similar 
manner.  The  disease  factors  and  the  fertilizers  do  influence 
the  texture  of  the  grains  but  the  extent  of  such  influence  upon 
grains  depends  very  markedly  upon  the  atmospheric  and  soil 
moisture  conditions  under  which  the  crop  is  produced.  Bed 
for  bed,  a  particular  fertilizer  applied  to  a  particular  piece 
of  land  has  essentially  the  same  general  influence  upon  the 
quality  of  crop  produced  with  reference  to  these  diseases  re- 
gardless of  variety  or  strain.  The  differences  noticeable  refer 
to  the  intensities  of  disease  action  and  are  always  noticeable 


in  grain  qaality.  While  it  is  evident  in  considering  such  ques- 
tions that  the  variety  and  strain  must  be  kept  in  mind  it  may 
yet  he  asserted  that  varietal  differences  are  not  as  great  as 
might  be  hoped.  All  beds  to  be  contrasted  have  been  sown 
with  the  same  sort  of  pure  bred  wheat.  When  such  beds  are 
sown  with  several  varieties  of  wheat  the  results  are  fooind  to 
correspond  on  a  comparative  scale  and  all  taken  together 
strengthen  the  conclusions:  (a)  that  so  far  as  the  yield  and 
quality  are  concerned  the  question  of  variety  is  a  matter  of 
great  importance;  (b)  that  the  diseases  act  apparently  with 
greater  or  less  vigor  upon  all  of  the  varieties  or  strains  of 
wheat ;  (c)  there  is  much  reason  to  hope  for  wheat  improvement 
with  regard  to  resistance  to  such  root  troubles  thru  seed  selec- 
tion on  the  survival  of  the  fittest  plan  whereby  the  selections 
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are  made  after  greatest  possible  exposure  of  the  grain  under 
trial  to  the  action  of  the  root  and  seed  diseases.  Our  selections 
of  wheat,  made  on  such  special  disease  propagation  garden 
show  many  of  the  resistant  features  evidenced  by  the  strains 
of  resistant  flax  which  were  obtained  in  this  manner.  I  be- 
lieve the  wheat  improvement  problem  is  of  the  same  nature 
only  more  difficult  because  of  the  greater  number  of  diseases. 
12.  Inoculation  Experiments  with  Straw,  Manures,  etc. : 
(1)  We  have  conducted  numerous  plot  and  pot  experiments  in 
which  we  have  used  stubble  and  chopped  straw  from  wheat- 
sick  areas;  (2)  Inoculation  in  pots  with  evident  disease  bear- 
ing seed;  (3)  Inoculation  into  pots  and  plots  usiag 
soil    from    wheat-sick    areas;     (4)     Pots    and    plots    inoe- 
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ulated  with  manures,  the  bedding  of  which  ^as  made 
from  straw  from  diseased  areas,  etc.  Each  such  in- 
oculation experiment  has  been  earefuUy  checked  by  con- 
trol pots  or  plots.  Such  trials,  after  a  number  of  years,  have 
griven  conclusive  evidence  that  root  diseases  and  seed  diseases 
of  the  types  heretofore  described  can  be  conveyed  in  such  ways 
exactly  as  in  the  case  of  flax  wilt  in  the  flax  crop,  potato  scab 
in  potato  culture,  etc. 

13.  Inoculation  With  Pure  Cultures:  Inoculation  experi- 
ments have  been  conducted  with  pure  cultures  taken  from  the 
interior  of  wheat  straw,  from  the  interior  of  apparently  normal 
inrheat  grains,  from  lesions  found  upon  seeds  and  seedlings, 
growing  straws,,  flower  parts,  roots,  nodes,  ovules,  etc.  These 
experiments  show  clearly  that  certain  species  or  strains  of 
Fnsarnun,  Helminfhosporinm,  Altemaria^  MaerosporiTun,  Oolle- 
totriehiim  and  Oepbalothedum  are  directly  capable  of  destroy- 
ing or  attacking  growing  plants  of  wheat,  oats,  barley,  brome- 
grass  and  quack-grass.  Certain  cross-inoculations  have  been 
made  between  the  different  cereals  and  some  native  grasses  in 
sufficient  manner  to  convince  that  some  of  these  diseases  can 
be  transferred  from  one  type  of  crop  to  another  as  in  the  case 
of  barley  to  wheat,  or  quack-grass  to  wheat,  but  that  in  most 
cases  they  are  comparatively  distinct  each  on  its  own  host. 
In  the  case  of  barley  and  wheat,  a  long  line  of  trials  on  sepa- 
rate years  has  given  evidence  sufficient  to  allow  the  following 
conclusions  to  be  made:  (a)  Barley  and  wheat  are  not  good 
rotation  crops  for  each  other.  Most  of  their  root  diseases  ap- 
pear to  be  interchangeable.  In  this  connection,  it  is  interest- 
ing to  note  that  Aaronsohns  studies,  previously  mentioned, 
point  quite  conclusively  to  the  probable  fact  that  these  two 
crops  have  a  closely  related  ancestry  and  environmental  origin. 

This  cross  inoculation  has  a  very  important  bearing  in 
cropping  methods  and  demands  very  exacting  and  extensive 
experiments  to  avoid  error  of  conclusion.  Such  experiments 
as  have  to  date  been  conducted  will  be  detailed  in  another 
bulletin. 

Disease  Inoculation  and  Seed  Selection :  To  carry  out  our 
idea  of  being  able  to  select  the  most  resistant  plants  from  wheat 
crops  which  have  been  subjected  to  all  possible  diseases  to  elim- 
inate the  weak,  we  have  for  a  number  of  years  followed  the 
plan  of  field  inoculation  in  a  large  way  thru  continuous  crop- 
ping, use  of  host  plants  for  wheat  parasites,  spores  sprayed 
upon  crop,  etc.  The  same  soil  is  used  year  after  year  for  such 
investigations  so  as  to  give  opportunity  to  accumulate  per- 
sistent soil  troubles  in  the  way  of  fungus,  parasites,  bacteria, 
etc.  The  stubble  is  plowed  under  and  in  some  cases  old  straw 
and  strawy  manures  have  been  added  for  the  purpose  of  car- 
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rying  to  the  soil  any  straw-borne  disease.  In  other  cases,  the 
seed  has  been  thoroughly  infected  by  smuts  and  other  known 
fungi  and  in  some  cases  the  most  disease  bearing  seed  has  been 
selected  for  planting  purposes  in  contrast  with  the  best  avail- 
able from  the  same  pure  bred  sample.  We  have,  from  time  to 
time,  as  soon  as  the  crop  was  growing,  sprayed  the  crop  with 
rust  spores  collected  from  various  sources  so  as  to  insure  the 
attack  of  the  crop.  The  crop  has  also  been  sprayed  with 
moisture  at  the  proper  time  to  allow  the  spores  to  germinate. 
This  work  naturally  led  to  the  use  of  other  fungi,  and  we  find 
that  heading  wheat  sprayed  with  the  kinds  of  fungi  heretofore 
listed  is  at  once  badly  attacked  in  the  flowering  parts  which 
may  be  wholly  destroyed.  This  set  of  experiments  is  now  being 
conducted  on  a  more  accurate  pure  culture  basis  and  we  will 
finally  be  able  to  report  more  accurately  in  detail.  By  scrap- 
ing the  various  types  of  diseases  from  the  straw  and  using  them 
in  quantity  our  field  spraying  experiments  for  a  number  of 
yearly  trials  resulted  in  partial  or  complete  destruction  of  the 
young  flower  parts  and  filling  grain;  and  conclusively  show 
that  a  crop  of  wheat  of  the  ordinary  type,  such  as  Blue  Stem 
169,  Scotch  Fife  163,  and  most  of  the  Durums  can  be  essentially 
destroyed  in  their  seed  producing  power.  These  experiments 
point  to  the  possibility  of  great  damage  to  a  growing  crop  by 
these  diseases  thru  wind-blown  spores  from  other  badly  dis- 
eased crops  and  emphasize  the  importance  of  having  the  crop 
of  a  given  neig'hborhood  grown  upon  well  tilled,  properly  ro- 
tated lands.  It  is  also  very  important  to  have  the  wheat  crop 
of  a  particular  region  rather  uniform  in  its  maturing  period 
for  the  reason  that  evil  eflfects  are  sure  to  follow  the  exposure 
of  immature  crops  of  wheat  to  windblown  spores  from  the  ear- 
lier maturing  fields. 

These  spraying  experiments  also  emphasize  the  desirability 
of  uniform  neighborhood  or  regional  crop  rototion,  and  ex- 
plain, in  part,  the  natural  success  which  comes  to  a  commuxiity 
which  practices  the  more  intensive  types  of  farming  which  re- 
sults in  diversity  of  crops  and  less  contiguity  of  like  crops. 

15.  The  Influence  of  Alkalies  Upon  the  Development  of 
Disease:  Studies  upon  the  crop  as  grown  on  alkaline  areas 
have  convinced  us  that  the  chief  damage  occasioned  by  ordin- 
ary alkaline  lands  is  largely  heightened  or  increased  by  the 
presence  of  the  root  disease  of  cereal  crops.  In  both  flax  and 
wheat  a  number  of  definite  experiments  show  that  the  addition 
of  alkalines  to  already  alkaline  areas  results  in  a  very  much 
heightened  condition  of  the  development  of  the  diseases.  In 
the  case  of  wilt  resistant  flax,  flax  which  is  thoroughly  resistant 
to  wilt  becomes  non-resistant  when  the  ground  is  made  slightly 
more  alkaline  than  that  upon  which  the  resistant  seed  was 


89 

originally  developed  by  selection  and  cropping  against  a  thor- 
oughly wilt  infected  soil. 

On  examination  of  alkaline  wheat  areas,  our  experiments 
show  that  often  what  is  considered  to  be  fairly  alkaline  land 
wiU  produce  good  growths  of  wheat  if  the  ground  is  sterilized 
or  otiierwise  purified.  It  is  found  by  experiment  that  a  num- 
ber of  the  root  fungi  which  are  destructive  to  wheat  and  flax 
develop  very  much  more  rapidly  in  the  presence  of  alkali  than 
m  the  less  alkaline  areas.  The  conclusion  drawn  from  this  line 
of  experiments  is  that  very  many  of  the  so-called  alkaline  areas 
which  are  now  supposed  to  be  too  alkaline  to  produce  wheat 
would  be  found  to  grow  the  crop  in  good  shape  if  the  root-rot 
diseases  were  eliminated  by  proper  rotation,  proper  tillage  and 
seed  purification. 

16.  Ammonification  Trials :  Some  writers  have  contended 
that  there  is  a  lack  of  ammonifying  power  represented  in 
wheat  exhausted  soils.  A  rather  extended  series  of  trial  tests 
upon  this  ammonifying  power  of  soils  show  that  it  is  probable 
that  in  the  presence  of  the  root  organisms  the  soil  which  fur- 
nishes the  least  ammonification  is  apt  to  have  its  wheat  or  flax 
the  least  attacked  by  root  fungi.  Our  trials  also  show  as  high 
ammonifying  power  on  thoroughly  wheat-sick  and  flax-sick 
soils  as  is  to  be  found  on  properly  purified  or  clean  lands  which 
no  one  would  call  ^'exhausted." 

17.  Selection  Studies  and  Disease  Resistance:  We  have 
conducted  selection  studies  upon  various  varieties  of  wheat  and 
various  selection  strains  grown  under  varying  environments  of 
soil  and  conditions  of  disease  production  as  affected  by  soil 
and  by  air  conditions.  Numerous  varieties  have  been  held  un- 
der close  check  control  and  grown  under  careful  head  row  trials 
and  centgener  trials  so  that  we  could  observe  the  results  of  the 
influence  pf  disease  upon  each  individual  pedigreed  strain  year 
by  year.  Detailed  records  have  been  kept  as  to  the  influence 
of  the  diseases  upon  the  crop  from  the  time  it  was  planted 
until  harvest.  Careful  records  have  been  kept  as  to  the  weight 
quality  and  growth  quality  of  the  individual  seeds  taken  fr^ 
the  bulk  of  the  crop  and  from  the  individual  plants  as  selected. 

In  this  manner  we  have  been  able  to  draw  some  conclu- 
sions as  to  whether  there  is  any  tendency  to  the  production  of 
more  resistant  strains  of  wheat  when  grown  under  these  trial 
environments  of  hard  conditions  of  disease  attack.  These  dif- 
ferent selections  have  always  been  subjected  to  continuous  dis- 
ease action  through  continuous  culture  conditions,  through  soil, 
seed,  and  plant  infection. 

From  these  experiments  it  is  learned  that  there  is  great 
difference  in  the  capability  of  different  varieties  and  different 
selection  strains  to  resist  disease.      Some  of  them  are  able  to 
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produce  seed  when  others  wholly  fail.  Different  varieties  and 
strains  exhibit  an  evident  relation  to  climatic  variations.  Some 
strains  do  better  one  year  than  another.  Under  certain  con- 
ditions, certain  strains  may  fail  to  show  any  resistance  while 
under  other  conditions  they  give  a  high  apparent  resistance. 
This  is  but  another  evidence  that  a  variety  of  wheat  grown  for 
a  long  period  under  rather  permanent  conditions  tends  to  ad- 
just itself  to  such  conditions  thru  the  ordinary  selective  meth- 
ods of  cropping.  These  selective  methods  can  be  intensified 
and  the  improvement  in  the  resisting  power  rapidly  developed. 
It  has  been  much  more  difScult  to  get  marked  improvement  in 
resisting  power  in  the  case  of  wheat  than  in  the  case  of  flax 
but  we  have  satisfactory  evidence  that  this  method  of  breeding 
against  disease  conditions  will  give  lasting  results  with  wheat 
as  it  has  done  in  the  case  of  flax  and  cotton. 

WHAT  TO  DO. 

In  the  effort  to  get  large  crops  of  wheat  thru  the  control 
of  disease,  the  grower  will  do  well  to  keep  the  following  facts 
in  mind:  1.  Oet  a  single  variety  of  seed.  It  ripens  evenly, 
and  hence  can  be  harvested  and  saved  so  as  to  give  an  even 
quality  of  hard  dry  grains  w'hich  are  less  liable  to  become  dis- 
eased (moldy)  under  the  bran  layers.  A  pure  variety  allows 
of  accurate  selection  of  the  plumpest,  heaviest,  most  perfect 
grains,  by  the  ordinary  methods  of  farm  selection.  Such  se- 
lection can  not  be  well  done  in  a  mixed  lot  of  grain  for  each 
variety  gives  a  different  shaped  grain  and  demands  different 
screens,  wind  blast,  etc.  The  whieat  root  diseases  can  not  be 
successfully  fought  unless  the  farmers  select  hard,  properly 
cured,  plump,  heavy  seeds. 

2.  Grade  out  light  weight  shrivelled  seeds.  Many  wheat 
grains  which  are  shrivelled  and  of  light  weight  are  so  because 
they  grew  upon  root  and  stem-sick  mother  plants.  They  have 
the  disease  producing  moulds  (fungi)  already  inside.  Many 
big  soft  light  weight  seeds  are  worse  than  useless  because  they 
were  wet  in  the  head  after  maturity,  or  while  in  the  shock,  stack 
or  bin.  Such  wetting  allows  the  fungi  of  the  root  diseases  to 
enter  the  softened  seeds,  passing  beneath  the  bran  layers.  It 
is  practically  impossible  to  properly  purify  or  disinfect  soft 
punky  wheat  grains  so  as  to  free  them  from  root  destroying 
parasites.  Screen  or  Blow  them  out.  Better  yet — ^Do  not  let 
mature  wheat  which  is  to  be  used  for  seed  get  wet. 

3.  DisinXect  tbe  seed.  Even  the  plump,  heavy,  bright  col- 
ored grains  are  more  or  less  dusted  with  the  germs  (spores)  of 
the  wheat-root  rots  and  blights.  We  have  never  seen  seed  so 
perfect  that  we  could  not  find  some  spores  of  these  disease  pro- 


91 

ducing  fungi  on  some  of  the  grains.  Disinfection  (seed  treat- 
ment) not  only  prevents  smut,  but  helps  to  prevent  the  occur- 
rence of  the  root-blights  and  rots  and  tends  to  prevent  soil  in- 
fection. All  seed  should  be  treated  every  year.  It  pays.  It 
helps  prevent  '* soil-sickness". 

4.  Sow  thinly  on  a  well  prepared  seed  bed.  A  plant  every 
three  inches  in  the  drill  row  is  sujBScient.  Poor,  disease-in- 
fected, sAiriveUed  seeds,  thickly  seeded  soon  spoil  the  best  of 
lands  for  wheat.  They  fill  the  soil  with  root  diseases  and  com- 
pete with  each  other  as  grass-like  weeds.  Virgin  or  purified 
lands  should  give  good  results  with  one  bushel  or  less  of  seed. 
Do  not  sow  too  thick.  You  want  strong  roots  and  heavy  grain, 
not  grass  or  straw.  The  root  diseases  spread  most  rapidly  along 
the  drill  row  in  thickly  seeded  grain. 

5.  Botate.  If  the  land  is  already  wheat-sick  good  seed 
will  not  help  much.  Purify  the  soil.  This  is  not  hard  to  do, 
but  it  will  have  to  be  understood  that  soil  purification  means 
soil  disinfection.  It  means  doing  something  to  get  the  wheat 
straw  and  wheat  root  fungi  out  of  the  wheat-sick  areas.  The 
first  essential  is  to  grow  such  crops  on  the  land  as  the  wheat 
fungi  (parasites)  do  not  like  to  grow  upon.  Grow  some  crops 
there  which  are  v/oi  closely  related  to  wheat,,  as  clovor,  alfalfa^ 
grasses  and  pasture,  com  or  potatoes,  flax,  etc.  The  following 
five  reasons  for  crop  rotation  in  wheat  cropping  will  help  to  un- 
derstand this  thought :  (a)  It  is  a  known  fact  that  some  rotations 
tend  to  produce  high  quality  wheat,  (b)  As  the  wheat  blight  and 
wheat-root  parasites  seem  to  be  rather  specifically  associated 
with  wheat  and  certain  nearly  related  cereals  and  grasses,  a 
properly  arranged  rotation  tends  to  allow  the  root,  stem  and 
seed  producing  parasites  to  have  a  chance  to  die  out  before 
that  crop  again  appears  in  the  series. 

(c)  A  proper  rotation  involves  the  use  of  cultivated  crops 
such  as  com,  beans,  sunflowers,  potatoes,  beets,  mangels,  etc. 
Such  crops  demand  deep  plowed  soil  and  constant  surface  cul- 
tivation after  the  crops  are  up.  Such  tillage  brings  to  the  sur- 
face the  spores  and  growing  parts  of  the  wheat-root  diseases 
and  other  crop  blighting  parasites  where  they  tend  to  germin- 
ate and  die  out  as  do  weed  seeds.  Such  constant  cultivation 
also  tends  to  kill  off  the  sort  of  weeds  which  are  apt  to  be  asso- 
ciated with  wheat  and  cereal  cropping,  as  pigeon  grass  and 
quack-grass.  Wheat  can  not  grow  in  the  presence  of  quack- 
grass  because  the  masses  of  underground  stems  which  the 
quack-grass  produces  become  affected  by  the  common  wheat- 
root  fungi.  Quack-grass  is  too  closely  related  to  wheat.  It  is 
often  attacked  by  many  of  the  wheat  troubles  and  helps  to  in- 
tensify them,    nil  off  the  quack-grass.    If  you  cannot  raise  a 
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cultivated  crop  every  three  or  four  years,  a  bare  summer  fal- 
low is  a  good  substitute  as  a  fungus  killer. 

(d)  A  proper  crop  rotation  allows  one  to  spread  barnyard 
manures  which  are  made  from  one  kind  of  crop  upon  the  land 
which  is  cropped  to  some  non-related  crop.  This  is  a  sanitary 
measure.  Fresh  manures  containing  wheat  or  bariey  straw 
should  nev^  be  used  for  top  pressing  wheat  or  upon  the  lands 
which  are  about  to  be  used  for  wheat  cropping.  Wheat  does 
not  ^0  well  in  the  presence  of  its  own  dead  bodies.  They  carry 
w'heat  parasites.  Spread  such  barnyard  manures  on  hay  and 
pasture  lands  or  ahead  of  cultivated  crops  on  the  old  wheat  or 
cereal  stubble. 

(e)  If  a  soil  is  really  poor  and  chances  to  need  a  particular 
artificial  fertilizer  a  properly  arranged  crop  rotation  allows 
one  to  get  the  value  out  of  the  fertilizers ;  for,  after  the  ground 
and  seed  is  properly  freed  from  infectious  diseases  the  roots  of 
the  cropping  plant  can  go  deeply  into  the  sub-soil  and  can  make 
use  of  the  plant  foods.  It  will  have  healthy  roots.  Wheat 
plants  in  wheat-sick  soil  can  not  develop  roots  or  stool  no  mat- 
ter how  much  available  fertility.  Therefore,  purify  your 
wheat-sick  soil  by  rotation,  tillage  and  seed  selection. 

(6)  Arrange  for  Good  Drainage.  According  to  the  nature 
of  the  soil  and  climate,  poorly  drained  lands  either  become 
acid  or  alkaline.  The  wheat-root  diseases  are  always  most  de- 
structive on  such  poorly  drained  lands.  Either  acids  or  alka- 
lies if  above  a  certain  strength  of  solution  at  first  stunt  root 
growth  then  cause  injuries  which  are  immediately  followed 
by  a  more  intensive  or  destructive  action  of  the  wheat  destroy- 
ing fungi,,  if  such  are  present.  Drain  all  such  areas.  If  acid, 
liming  will  usually  greatly  help.  If  strongly  alkaline,  culti- 
vated crops,  plus  barnyard  manures  or  green  manuring  will 
help. 

(7)  Artificial  fertilizers  should  not  be  applied  until  proved 
to  be  needed  either  by  chemical  analyses  of  the  B6il  of  a  par- 
ticular field  or  by  a  special  series  of  pot  or  plot  trials.  If,  for 
example,  the  soils  are  already  alkaline,  it  may  not  help  matters 
to  add  potash,  lime,  soda,  etc.  Phosphates  on  wheat-sick  soils 
have  sometimes  proven  to  be  beneficial  in  producing  plump 
wheat.  This  does  not  prove  that  such  lands  are  actually  de- 
ficient in  phosphates  but  rather  that  an  extra  phosphate  supply 
makes  an  early  ripening  dry  hard  stiff  straw  which  tends  to 
prevent  the  ascent  of  the  wheat-root  fungi  in  the  straw.  First 
purify  the  soil  and  the  seed,  then  if  you  fail  to  get  a  proper 
crop  and  chemical  analyses  or  plot  tests  show  a  deficiency  of 
phosphates  you  will  probably  have  to  buy  them  or  change  your 
plan  of  farm  management. 

8.    Preserve  the  Purity  of  your  Lands:    In  using  farm- 
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yard  manures  in  fresh  form  apply  such  manures  to  wheat  stub- 
ble lands  in  front  of  cultivated  crops  or  run  the  manure 
spreader  over  pasture  lands.  The  rains  will  wash  the  liquid 
ammonia  and  other  soluble  compounds  into  the  earth  and  the 
diseases  will  gradually  die  out  by  aeration  and  tillage  before 
the  next  wheat  crop  is  planted.  Whenever  possible  all  barn- 
yard manures  shoi:dd  be  properly  composted  before  being 
spread.  Proper  composting  kills  weed  seeds  and  the  spores  of 
disease  producing  fungi.  IHs  not  hard  to  select  an  area  in  which 
the  manure  juices  can  be  saved  in  the  compost.  Select  a  clay 
bottom  depression  or  make  a  shallow  cement  bottomed  area. 
Do  not  use  such  valuable  fertilizer  as  barnyard  compost  on  old 
wheat-sick  soil  if  you  are  going  to  crop  it  to  wheat;  for  the 
nitrogenous  juices  of  the  compost  will  only  make  a  more  vegeta- 
tive, softer  straw  which  is  more  readily  attacked.  Such  fer- 
tilizer also  aids  the  root  fungi  to  spread  more  rapidly  thru  the 
soil.  Bam  yard  manures  in  the  presence  of  the  wjheat  cBseases 
mear«  shrivelled  grain,  unless  it  is  a  very  dry  year,  or  an  ex- 
cess of  lime,  potash  and  phosphates  are  present.  To  get  the 
full  benefit  of  the  contents,  spread  well  composted  manures  on 
pnrified  lands. 

TTse  all  available  farm  manures,  but  protect  the  purity  of 
yoorsoiL 

9.  Hake  a  prop^  Seed  Bed.  A  proper  seed  bed  is  one  in 
which  the  water  and  air  can  penetrate  slowly  but  deeply.  It 
is  so  firmly  compacted  that  the  moisture  comes  readily  to  the 
top  mulch  under  which  the  seeds  should  lie  evenly  placed.  It 
is  so  firm  that  it  holds  the  crop  roots  at  all  times  well  protected 
from  the  action  of  winds,  wash  waters,  frost  and  sun.  Injuries 
from  any  of  these  agencies  prevent  proper  root  action  and 
form  wounds  into  which  any  chance  spores  or  infectious  root 
troubles  may  enter.  A  firm  imder-soil  tends  to  prevent  a  rapid 
spread  of  any  fungi  which  may  chance  to  be  in  any  internally 
diseased  seeds. 

10.  Harrow  the  young  growing  grain  freely  when  the 
^ound  is  in  proper  moisture  condition,  to  prevent  baking,  and 
to  kill  weeds  and  fungi  which  are  weaker  than  the  wheat.  The 
harrowing  also  tends  to  conserve  the  moisture  in  the  soil  and 
further  firm  the  sub-soil  on  the  furrow  slice.  If  air  spaces  are 
left  between  the  furrow  slice  and  the  sub-soil,  these  act  as  damp 
chambers  and  the  wheat  root  destroying  fungi  develop  and 
spread  through  such  spaces  with  great  rapidity,  killing  the 
descending  roots. 

To  the  old  Wheat  Kaiser:  This  bulletin  contains  many 
(tatements  new  to  wheat  raising.  It  should  be  a  story  of  hope. 
Don't  worry  about  lost  fertility.    Save  what  you  can.   Host  of 


94 


you  have  not  worn  out  the  mineral  fertility  of  your  soil,  per- 
manently spoiled  its  texture,  or  filled  it  with  toidnes  poisonous 
to  wheat.  You  have  only  been  workii^  in  an  unsanitary  man- 
ner ;  and  have,  by  rather  constant  culture  to  wheat  and  its  allied 
plants,  introduced  into  the  soil  and  seed  many  wheat  parasites. 
Look  at  the  Remedy. 

The  Eemedy  Summarized:  One  Variety  of  Pure  Bred 
Seed  Well  Graded  and  Properly  Treated ;  Infected  Lands  Puri- 
fied Thru  Right  Crop  Rotation  and  Tillage;  Purified  Farm 
Manures  Applied  to  the  Proper  Crops. 

H.  L.  BOLLEY,  Botanist. 

Agricultural  (College,  N.  D. 

December,  1913. 
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AVIAN    TUBERCULOSIS 

by 

L  VAN  ES  and  A.  E.  SCHALK 

With  the  acquisition  of  a  more  precise  knowledge  of  the 
disease  tuberculosis  in  general,  it  soon  became  apparent  that 
this  plague  is  by  no  means  confined  to  the  mammalian  species 
but  that  it  also  claims  its  victims  from  among  the  birds. 

The  reports  of  its  existence  among  chickens  and  turkeys 
are  too  numerous  to  mention.  In  domesticated  water-fowls, 
the  disease  is  less  common.  It  is  described  in  ducks  by  King 
(134),  in  geese  by  Husz  (121)  and  Glamann  (101),  while  Ca- 
diot  (39)  records  a  case  in  the  swan.  Hoskins  (118)  observed 
the  disease  in  pigeons  and  Hobday  (116)  mentions  it  as  occur- 
in  g  in  the  ostrich. 

Among  the  authors  who  called  attention  to  the  occurrence 
of  tuberculosis  among  parrots,  we  mention  Cadiot  (35),  Cadiot, 
Gilbert  and  Roger  (41),  Strauss  (260)  Bberlein  (85)  for  the  ear- 
lier  period  and  Weber,  Titze  and  Weidanz  (284)  for  a  later 
one.     The  latter  also  described  the  disease  in  canary  birds. 

The  observations  of  Shattock,  Seligman,  Dudgeon  and 
Panton  (244)  and  of  Koch  and  Rabinowitsch  (146)  make  it 
apparent  that  the  wild  birds  kept  in  captivity  succumb  to  tu- 
berculosis with  readiness.  This  includes  also  the  pheasants 
as  evidenced  by  Bierbaum  (21),  Morse  (186)  and  one  observa- 
tion by  one  of  the  writers. 

We  know  little  of  its  existence  among  free  wild  birds.  It 
is  probable  that  is  occurs  among  such  scavengers  as  the  com- 
mon sparrow.  The  writers  observed  a  well  marked  case  of 
tuberculosis  in  a  sparrow  which  had  access  to  an  infected 
poultry  yard  and  could  prove  the  great  Susceptibility  to  tuber- 
culosis of  sparrows  by  feeding  experiments.  A  tuberculous 
sparrow  is  also  mentioned  by  Metschnikoff  (174)  but  it  is  not 
clear  whether  this  was  a  bird  in  captivity  or  not. 

HISTORIC  CONSIDERATION 

As  the  disease  occurs  in  our  domestic  fowls,  it  must 
have  attracted  attention  a  long  time  ago,  although  the 
writers  fail  to  find  any  evidence  of  this  in  the  earlier 
veterinary  literature.  As  late  as  1868  Yillemin  (276) 
wrote:  ''There  is  nothing  more  problematic  than  the  existence 
of  tuberculosis  in  the  birds."  It  was  not  until  four  years  later 
that  its  similarity  to  the  disease  of  mammals  attracted  atten- 


lion  and  Paulicki  (211),  quoted  by  Koch  and  Rabinowitsch 
was  the  first  who  gave  expression  to  what  he  thought  about 
the  matter  in  the  following  remarks : 

"The  course  of  the  disease,  but  especially  the  manner  of 
dissemination  of  the  abnormalities  found,  reminds  one  of  tu- 
berculosis of  man  and  mammals,  while  the  microscopic 
structure  and  the  macroscopic  appearance  of  the  tumors  show 
much  that  corresponds  with  the  pearl  disease  swellings  of  the 
ruminants. ' ' 


II 


One,  I  believe,  will  not  go  too  far  by  stating,  that  tin* 
changes  found  are  for  the  birds  what  caseous  pneumonia  and 
milliary  are  for  man  and  monkeys  and  the  pearl  disease  nodules 
for  ruminants  or  in  other  words  that  the  consumption  of  birds 
is  based  upon  the  development  of  dense,  often  very  extensive 
tumors  in  the  various  organs.  It  would  be  of  great  importance 
to  determine  experimentally,  if  these  tumors  can  be  caused  to 
appear  by  the  injection  of  choesy  masses  taken  from  man.'' 

It  was  not  until  the  causation  of  tuberculosis  in  man  and 
other  animals  had  been  brought  to  light  by  Koch,  that  the 
disease  of  birds  became  fairly  well  recognized  and  understood. 
Ribbert  (230)  was  the  first  one  who  after  Koch  studied  the 
character  of  avian  tuberculosis,  who  pointed  out  its  parasitic 
character  and  who  suggested  the  identity  of  its  bacillus  to  the 
one  discovered  by  Koch. 

After  that  time  the  disease  and  its  nature  became  more 
widely  known,  through  numerous  investigations  and  reports, 
until  at  the  present  time,  it  is  perhaps  the  best  known  of  all 
poultry  diseases. 

GEOGRAPHIC  DISTRIBUTION 

A  review  of  the  literature  of  avian  tuberculosis  shows 
distinctly  that  the  disease  is  observed  practically  in  every 
country  where  poultry  is  being  raised.  According  to  Theiler 
(263)  it  is  even  widely  distributed  on  the  farms  of  South  Africa, 
although  the  disease  among  native  cattle  and  hogs  is  so  little 
known  that  the  Boers  have  even  no  name  to  designate  it. 

In  this  country,  fowl  tuberculosis  attracted  but  little  at- 
tention until  Pernot  (214)  described  it  as  occurring  in  Oregon 
in  1900.  This  was  followed  by  reports  from  California  by 
Moore  and  Ward  (1S4),  from  Canada  by  Higgings  (109),  and 
Edwards  (86),  from  New  York  by  Burnett  (28),  from  Nevada 
by  Mack  (161),  from  Minnesota  by  Beebe  (18),  from  Michi- 
gan by  Giltner  (100).  and  from  Wisconsin  by  Hastings  and 
Halpin  (104). 


In  North  Dakota,  the  disease  has  a  fairly  wide  distribu- 
tion. We  have  no  positive  evidence  of  the  existence  of  the 
disease  prior  to  the  latter  part  of  1907,  although  certain  inqui- 
ries seemed  to  indicate  that  it  was  present.  Since  the  time 
mentioned,  however,  we  have  identified  the  disease  in  mate- 
rial sent  from  twenty-three  different  localities  of  the  state, 
without  speaking  of  a  considerable  number  of  inquiries,  which 
were  not  accompanied  by  specimens  and  which  in  a  more  or 
l»ss  distinct  manner  permitted  the  suspicion,  that  fowl  tuber- 
culosis engaged  the  attention  of  the  correspondents. 

ECONOMIC  IMPORTANCE 

There    is   no    evidence    upon    which    to    base    a    reliable 

•  aleulation  regarding  the  actual  damage  inflicted  by  tu- 
iM-n-iilosis  in  our  poultry  yards.  Dawson  (66)  writing 
in  1S98  still  regarded  the  disease  as  comparatively  rare. 
SiiM'e    that    time,    however,    it    has    become    quite    apparent, 

•  Ijat  in  tuberculosis  we  must  recognize  one  of  the  most  preva- 
Nnt  diseases  of  poultry.  There  are  also  numerous  indications 
which  point  to  the  great  destructiveness  of  the  disease,  after 
once  it  gains  a  foothold  in  a  flock.  Moore  and  Ward  (\S4) 
-note  an  outbreak  in  which  300  fowls  were  lost  in  a  flock  of 
U<^0.  Tillman  (264)  mentions  a  loss  of  over  200  fowls  within 
a  period  of  three  years.  In  another  outbreak,  mentioned  by 
Ward  (278),  250  fowls  out  of  a  flock  of  1400  were  lost  within 
the  period  of  one  year.  Edwards  (86)  reports  that  a  farmer 
lost  fifty  fowls  in  seven  months,  while  two  others  stated,  that 
*\*^\'  had  lost  a  hundred  birds  in  two  years.  Hastings  and  Hal- 
i»in  004")  observed  an  infected  flock  of  which  they  estimated 
that  one-third  of  the  number  succumbed  to  tuberculosis  in  six 
Mionths  and  in  another  outbreak  they  believed  that  one-half 
■f  the  birds  were  lost  in  the  time  of  one  year.  The  wMe  dis- 
trihntion  of  the  disease,  combined  with  its  high  rate  of  mor- 
tality, should  cause  us  to  regard  it  as  a  factor  to  be  seriously 
••'insidered  by  all  those,  who  follow  poultry  raising  as  a  part 
of  their  farm  activities. 

In  connection  with  the  economic  ii*>portance  of  tlie  discNise 
w»'  made  some  in(|uiry  re<rarding  its  i)0S8il)le  influence  upon  the 
♦'irp-Iaying  capacities  of  the  fowls. 

The  poultry  department  of  this  station  kindly  placed  at 
onr  disposal  the  complete  records  of  egg-laying  by  all  the  fowls 
whirh  were  subjected  to  autopsy  in  the  course  of  our  iiivesti- 
u'ations. 

The  average  number  of  eggs  laid  by  the  various  groups  of 
r'»wl8  are  given  in  the  following  table: 
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In  grouping  the  fowls  on  which  the  obBervations  were 
made,  we  made  provision  for  normal  birds,  birds  with  very 
slight  lesions  (Lesions  No.  I),  birds  with  marked  although  not 
extensive  lesions  (Lesions  No.  II),  birds  with  extensive  lesions 
(Lesions  No.  Ill),  while  finally  the  average  egg  laying  per- 
formances of  all  infected  birds  were  also  placed  in  the  table. 

As  certain  epidemiological  evidence  in  connection  with 
this  outbreak  seems  to  indicate  that  the  flock  did  not  become 
infected  before  1910,  the  averages  of  the  eggs  laid  before  that 
year  probably  only  indicate  normal  fluctuations  and  should 
therefore  not  be  regarded  as  being  influenced  by  disease. 

While  the  numbers  of  the  fowls  from  which  the  averages 
were  taken  are  too  small  to  permit  of  final  conclusions,  the 
tables  clearly  indicate  that  tuberculosis  does  not  seem  to  inter- 
fere materially  with  the  egg-laying  qualities  of  domestic  fowls. 
On  the  contrary,  it  seems  tiiat  the  f'gg  averages  were  somewhat 
higher  for  the  tuberculous  birds  than  the  normal  ones.  Whether 
this  is  to  be  attributed  to  an  increased  fecundity  induced  by 
the  infection  or  to  the  fact  that  the  drain  of  egg-laying  renders 
the  animals  more  susceptible  cannot  be  determined  from  our 
material. 

ETIOLOGY 

As  the  cause  of  tuberculosis  in  all  animal  species, 
the  microorganism,  now  extensively  know  as  the  Bacillus 
tuberculosis,  has  been  definitely  identified.  Its  general  bio- 
logic characteristics,  as  well  as  the  reactions  following  its  in- 
troduction into  the  body  of  susceptible  animals,  render  it  quite 
cpparent  that  this  microorganism  constitutes  a  specific  entity, 
notwithstanding  certain  opinions  to  the  contrary. 

Those  opinions  are  based  upon  the  fact,  that  the  organism 
presents  certain  characteristic  features  var3ring  with  the  ani- 
mal species  in  which  it  was  found  to  have  given  rise  to  the  dis- 
ease. So  we  find,  that  the  bacillus,  associated  with  tubercu- 
losis in  man  presents  certain  characteristics,  different  from  the 
ones  belonging  to  the  organism  associated  with  the  disease  in 
eattle.  As  we  study  the  bacillus  of  avian  tuberculosis,  we  also 
note  certain  marked  features  by  which  it  can  be  differentiated 
from  the  strains  of  mammalian  origin.  In  fact,  the  differ- 
ences between  the  avian  bacillus  and  the  latter  are  far  more 
marked  than  between  those  of  human  and  bovine  origin.  This 
is  the  reason  that  even  now,  the  avian  bacillus  is  occasionally 
mentioned  as  a  species  distinct  from  the  ones  of  mammalian 
origin.  This  is  largely  based  upon  the  fact  that  the  avian 
baeillus  often  failed  to  produce  disease  when  inoculated  into 
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mammals  and  because  the  mammalian  bacillus  when  injected 
into  birds  quite  commonly  fails  to  provoke  the  formation  of 
tuberculous  lesions  in  the  latter. 

We  cannot  go  so  far  as  to  accept  the  view  that  the  bacillus 
of  avian  tuberculosis  is  specifically  different  from  the  ones 
found  to  cause  tuberculosis  in  mammals.  We  recognize  in  the 
avian  ])acillus  and  the  human  and  the  bovine  ones,  varieties 
and  strains  of  (me  and  the  same  species.  That  eaeh  one  of 
those  strains  has  certain  variety  peculiarities,  especially  in  its 
capability  of  producing  disease  in  various  species,  must  be 
admitted,  but  we  believe  that  this  feature  has  a  parallel  in  the 
case  of  varieties  of  higher  plants,  of  which  some  will  thrive  in 
a  given  soil  or  climate,  while  the  others  will  succumb  there, 
but  live  under  such  conditions  as  would  destroy  the  former. 

By  far  the  greater  part  of  all  cases  of  avian  tuberculosis 
are  caused  by  the  avian  type  of  tubercle  bacilli.  In  shape,  not 
materially  different  from  the  types  found  in  the  mammals,  the 
organism  presents  itself  as  a  very  small  rod,  which,  however, 
has  a  tendency  to  show  certain  variations  in  form. 

Usually  the  avian  bacillus  shows  a  tendency  to  be  rather 
short  and  somewhat  thick  in  comparison  to  its  length,  although 
in  several  lesions  of  avian  origin,  the  authors  could  show  beau- 
tifully slender  forms.  The  bacillus  of  bird  tuberculosis  shows 
furthermore  a  greater  inclination  towards  so-called  involution 
forms  than  the  one  of  mammalian  origin.  Especially  in  those 
taken  from  cultures  there  may  occur  in  one  microscopic  field  a 
great  variety  of  forms,  such  as  slender,  straight,  curved,  short, 
plump,  club-shaped,  and  occasionally  thread-like  branched 
ones.  In  structure  the  organism  often  shows  a  granular  struc- 
ture. 

They  take  the  carbol-fuchsin  stain  with  great  readiness 
and  show  their  acid  fast  characteristics  in  the  same  manner  as 
the  bacilli  of  mammalian  disease. 

It  can  be  readily  grown  upon  artificial  media  and  shows  a 
more  rapid  growth  than  the  organisms  of  the  mammalian  tu- 
berculoses. 

The  media  used  for  the  cultivation  of  the  avian  tubercle 
bacillus  are  those  which  are  also  in  use  for  the  growth  of 
mammalian  bacilli.  They  are  agar-agar,  potato,  serum, 
bouillon,  egg  medium  and  any  such  modifications  of  the  same 
as  niay  be  suggested  by  the  fancy  of  various  workers.  The 
addition  of  from  four  to  six  per  cent,  of  glycerine  to  the  media 
mentioned  certainly  favors  the  growth  of  all  the  varieties  of 
tubercle  bacilli  and  the  avian  is  no  exception  to  this  rule. 
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The  Utter  shows  a  rather  marked  difference  from  the 
mammalian  types  in  as  much  as  it  is  able  to  grow  at  much 
higher  temperatures.  While  both  the  human  and  the  bovine 
types  cease  their  .errowth  when  the  temperature  exceeds  40  de- 
grees Centigrade,  the  avian  bacillus  still  thrives  when  the  latter 
reaches  45  degrees  Centigrade,  while  even  at  50  degrees  Centi- 
grade, the  development  is  not  fully  suspended,  even  if  the  re- 
sulting cultures  are  no  longer  true  to  type. 

This  fact  was  first  noted  by  Nocard  and  Roux  (200),  who 
also  called  attention  to  the  peculiarities  noted  in  the  growth 
of  the  avian  bacillus.  Most  of  the  avian  strains  are  character- 
ized by  a  smooth  moist  and  more  or  less  slimy  growth  on  the 
solid  media  in  which  they  differ  from  the  cultures  of  mamma- 
lian bacilli,  which  have  a  tendency  to  be  dry,  raised,  scaly  or 
corrugated. 

Grown  on  glycerin  serum  they  show  in  about  ten  days  colo- 
nies of  the  shape  of  small  white  waxy  spots,  which  enlarge  in 
size  and  become  confluent  to  form  a  whitish  scum  which  can 
be  readily  removed  from  the  medium.  In  the  older  cultures, 
the  growth  becomes  mote  slimy  and  of  a  somewhat  fibrous 
texture,  at  the  same  time  assuming  a  yellowish  color. 

In  liquid  media,  such  as  glycerin-bouillon,  they  have  a 
t<*ndency  to  grow  in  the  shape  of  a  fine  whitish  powder,  which 
fastens  itself  to  the  sides  and  the  bottom  of  the  flask  and  often 
forms  a  white  pellicle  on  the  surface.  This  pellicle  may  have 
a  somewhat  dry  appearance  in  older  cultures.  The  avian 
bacillus  seems  more  capable  to  grow  in  the  depths  of  liquid 
media  than  the  one  taken  from  the  mammals. 

While  the  features  presented  by  avian  c^ultures  may  be 
looked  upon  as  characteristic  of  this  variety  of  tubercle 
bacilli,  we  must  recognize  the  fact,  that  they  are  by  no  means 
of  constant  occurrence. 

It  was  pointed  out  by  Weber  and  Bofinger  (283)  that  there 
are  strains  of  avian  tubercle  bacilli,  which  like  those  of  mam- 
malian origin  form  upon  solid  media  a  dry,  corrugated  and  upon 
liquid  media  a  decided  surface  membrane. 

Koch  and  Rabinowitsch  (146)  after  summarizing  the  re- 
sults of  a  very  exhaustive  study  on  the  subject  concluded  that 
tbe  morphologic  and  staining  features  of  the  avian  tubercle 
I>aeillii8.  not  alone  present  nothing  constant  and  typical  in  the 
way  of  differing  from  the  mammalian  strains  but  that  the  same 
is  largely  the  case  in  its  behavior  in  cultures.  In  the  course  of 
a  study  of  ninety-five  different  strains  of  avian  bacilli  they 
I'ould  record  a  complete  series  of  types  of  growth,  beginning 
with  the  typically  moist,  slimy  growth  of  the  cultures  to  the 
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dry,  scaly  appearance  peculiar  to  the  mammalian  strains. 
Aside  from  the  majority  of  typically  growing  avian  varieties 
these  authors  met  with  a  number,  which  varied  from  the  ones 
true  to  type,  without  at  the  same  time  approaching  the  disease 
producing  peculiarities  of  the  mammalian  types. 

Bongert  (23)  also  throws  doubt  upon  the  constancy  of  the 
culture  characteristics  of  the  various  strains  of  tubercle 
bacilli,  while  the  observations  made  by  Carl  (49)  led  him  to 
conclude  that  there  are  strains  of  chicken  tuberculosis,  which 
in  culture  closely  resemble  those  of  the  human  type. 

The  authors  could  also  observe,  how  cultures  of  two  strains 
of  avian  bacilli,  which  originally  showed  the  growth  charac- 
teristics typical  of  this  variety,  assumed  the  features  of  cul> 
tures  of  mammalian  types  after  about  ten  passages  upon  gly- 
cerine  bouillon  and  at  an  incubation  temperature  of  38  degrees 
Centigrade. 

The  avian  tubercle  bacillus  is  very  virulent  to  most  of  the 
birds  and  especially  to  the  domesticated  species.  Artificial 
infection  succeeds  best  by  direct  inoculation  into  a  vein,  while 
intraperitoneal  and  subcutaneous  injections  are  apt  to  yield 
less  certain  results.  By  feeding  tuberculous  material  to  birds 
the  disease  is  readily  transmitted.  Both  cultures  and  fresh 
material  from  diseased  organs  can  be  used  for  this  purpose; 
the  latter,  however,  being  apparently  the  most  virulent. 

In  an  experiment  made  by  the  authors  in  order  to  deter- 
mine the  susceptibility  of  the  common  English  sparrow  to  in- 
fection by  chicken  tuberculosis,  twelve  sparrows  were  fed  one 
meal  of  chopped  tuberculous  chicken  liver.  All  the  birds  died 
with  generalized  tuberculosis,  two  after  73  days,  two  after  75 
days,  one  after  100  days,  one  after  104  days,  one  after  105 
days,  one  after  118  days,  one  after  128  days,  one  after  131  days, 
one  after  186  days,  and  the  last  one  after  202  days. 

The  avian  bacillus  is  very  resistant  to  external  influences. 
A  contaminated  poultry  yard  may  remain  infected  for  a  long 
period  after  having  been  vacated  by  the  diseased  birds.  Kitt 
(136)  found  that  cultures,  which  were  kept  in  moist  storage 
were  still  virulent  after  one  or  two  years.  The  action  of  the 
ordinary  disinfectants  upon  tubercle  bacilli  is  also  rather  slow, 
but  heat  readily  kills  them.  They  are  not  destroyed  by  low 
temperatures.  Direct  sunlight  on  the  other  hand  destroys 
them  in  a  few  hours,  but  is  only  active  on  the  surface  of  the 
material  exposed. 

To  what  extent  tuberculosis  in  fowls  is  due  to  infection  by 
bacilli  of  mammalian  origin  is  very  difficult  to  ascertain.  It 
is  probable  that  in  exceptional  cases  this  actually  takes  place 
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under  natural  conditions.  In  the  case  of  parrots,  it  is  a  rather 
common  observation.  Cadiot  and  Roger  (37)  in  1894  con- 
cluded that  parrot  tuberculosis  is  due  to  the  mammalian  type 
of  bacillus,  while  the  observations  of  Eberlein  (84)  distinctly 
point  to  a  direct  infection  of  parrots  by  tuberculous  persons. 
Delbanco  (76)  states  that  the  infection  of  parrots  is  liable  to 
occur  by  kissing  and  feeding  of  food  chewed  by  infected  peo- 
ple. Weber,  Titze  and  Weidanz  (284)  found  that  the  bovine 
bacillus  was  the  most  virulent  to  parrots  and  that  the  human 
and  avian  types  followed  in  the  order  named. 

In  other  birds  of  domestication  the  infection  from  mam- 
malian sources  does  not  seem  so  well  established,  although 
numerous  observations  have  been  published  i&  support  of  this 
origin  of  avian  tuberculosis. 

In  this  respect  infection  by  sputum  of  consumptives  is 
either  mentioned  or  hinted  at  by  Devillers  and  Lenglen  (79), 
Johne  (129),  Bollinger  (22),  Chelkowsky  (52),  Mollereau  (180), 
Nocard  (197),  De  LamallerSe  (74-75),  Cagny  (48),  Durieux 
(82),  Morro  (185),  Paure  (88),  Bray  (26),  Cozette  (63),  Roger 
(235),  Fritsche  (93),  United  States  Bureau  of  Animal  Industry 
(286)  and  Darmagnac  (65).  Human  sputum  and  the  organs 
of  tuberculous  mammals  as  causes  of  avian  tuberculosis  are 
mentioned  by  Nocard  (196),  Baivy  (9),  Zschokke  (288),  Von 
Bchring  (19),  Romer  (234),  Kitt  (137),  Husz  (121),  Siegl  (251), 
and  Arloing  (3). 

Ordinarily  such  observations  prove  but  little  and  the  only 
thing  positive,  that  can  be  adduced  from  them,  is  that  avian 
and  mammalian  tuberculosis  can  exist  in  very  close  proximity. 

When  on  the  other  hand  several  investigators  transmitted 
mammalian  tuberculosis  to  birds  experimentally^  the  casual 
obaervations  recorded  may  also  be  accepted  as  more  or  less 
pointing  toward  the  possibility  of  a  mammalian  source  of  fowl 
tuberculosis.  Even  then,  however,  it  cannot  be  cleared  up, 
whether  or  not,  the  infection  was  due  to  a  pure  mammalian 
bacillus  or  to  an  avian  one,  which  had  infected  a  mammal  and 
was  transferred  back  to  a  bird  before  it  had  lost  its  avian  pro- 
clivities. 

In  the  experiments  carried  on  with  a  view  of  ascertaining 
the  infectiveness  of  mammalian  tubercle  bacilli  to  birds,  nega- 
tive results  were  often  obtained.  Koch  (144)  inoculated  two 
sparrows  with  a  pure  culture  obtained  from  the  lung  of  a  tu- 
berculous monkey  but  failed  to  produce  disease.  Weber  and 
Bofinger  (283)  did  not  succeed  in  transmitting  mammalian 
tuberculosis  to  chickens.  Of  the  twelve  chickens  inoculated 
with  human  and  bovine  material  by  Jatta  and  Cosco  (126)  none 
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showed  any  evidence  of  tuberculosis  when  killed  from  eight 
to  ten  months  afterward.  Moore  (18*3)  inoculated  or  fed  chick 
ens  with  human  and  bovine  bacilli  and  the  fowls  remained 
healthy.  Weber,  Titze  and  Weidanz  (284)  could  not  iiifeti 
canary  birds  with  bacilli  of  human  origin.  De  Jong  (73) 
could  never  secure  a  tuberculosis  in  chickens  by  inoculation 
with  mammalian  bacilli.  Sometimes  the  birds  would  8ucciiml> 
in  an  emaciated  condition  after  many  wrecks,  but  cultures  al- 
ways remained  sterile.  In  other  cases  he  thought  to  have  ob- 
tained local  tuberculous  processes,  but  no  bacilli  could  be  iden- 
tified in  them.  Edwards  (86)  permitted  seven  chickens  t> 
** follow'*  a  herd  of  twenty-five  tuberculous  cows  and  when 
he  slaughtered  the  birds  after  fourteen  months  he  failed  to  find 
any  evidence  of  tuberculosis.  Hastings  and  Halpin  (104)  also 
report  negatively  on  the  results  of  an  effort  to  infect  three 
fowls  by  means  of  human  sputum. 

Zwick  (290)  reports  failure  to  procure  genuine  tubercu- 
losis in  chickens  by  either  the  feeding,  by  the  intravenous,  sub- 
cutaneous and  intra-tracheal  injection  or  by  the  inhalation  of 
bovine  bacilli.     It  is  true  that  in  some  of  the  intravenously  in- 
jected chickens  small  nodules  were  discovered  in  the  lungs  and 
under  the  serosa  of  the  intestines  but  these  did  not  contain 
intact  bacilli.     Only  some  acid  fast  debris  was  found.    In  a 
further  publication  (291)  the  same  author  relates  how  he  first 
passed  a  bovine  culture  into  a  rabbit  and  from  the  latter  into 
a  fowl  by  intra-tracheal  injection  and  that  this  was  followed 
by  pulmonary  tuberculosis.     Koch  and  Rabinowitseh  (146)  re- 
port negative  results  of  an  attempt  to  infect  chickens  and  birds 
of  prey  with  mammalian  bacilli.     They  found,  however,  that 
in  the  case  of  canary  birds,  the  latter  could  be  infected  both  by 
mammalian  and  avian  strains. 

Some  positive  results  of  the  infection  of  birds  with  mam- 
malian material  are  however  to  be  recorded. 

Positive  results  were  obtained  by  Courmont  (61)  in  chick- 
ens and  pigeons  by  the  use  of  human  bacilli.  Cadiot,  Gilbert 
and  Roger  (40)  succeeded  in  four  of  the  forty-six  attempts 
Cipollina  (5)3)  admits  that  the  human  bacillus  may  cause  tuber 
culosis  of  the  abdominal  organs  in  birds. 

Arloing  (8)  as  a  result  of  his  experiments  concludes  tha 
fowls  are  not  resistant  to  mammalian  infection.  Bang  (12 
injected  •a  pure  culture  of  bovine  bacilli  into  two  chickens 
which  after  one  month  succumbed  to  an  acute  miliary  tubercu 
losis  of  the  lungs.  In  a  subsequent  experiment,  this  autho 
showed  that  mammalian  bacilli  by  passage  through  fowls  ca 
be  changed  to  organisms  which  behave  themselves  like  avia 
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liacilli  and  further  that  an  originally  bovine  bacillus  after  it 
has  lost  its  virulence  for  guinea  pigs  through  repeated  passa- 
L'es  through  fowls  is  capable  to  regain  its  original  virulence 
hy  passages  through  mammals. 

In  another  experiment  of  Bang  (11)  eighteen  different 
strains  of  mammalian  tubercle  bacilli  were  used  and  of  those 
it  was  found  that  twelve  were  virulent  to  chickens.  He  states, 
however,  that  so  far  as  his  knowledge  goes,  mammalian  bacilli 
were  never  found  in  spontaneous  avian  tuberculosis. 

Bongert  (23)  produced  tuberculosis  in  pigeons  by  intro- 
ducing pure  cultures  of  the  bovine  bacillus  directly  into  the 
respiratory  passages. 

Koch  and  Rabinowitsch  (146)  consider  it  possible  that 
mice  and  rats,  by  their  susceptibility  to  avian  tuberculosis  may 
play  a  part  in  the  spread  of  the  disease  in  poultry  yards. 

When  we  sum  up  the  evidence  in  regard  to  the  causation 
of  avian  tuberculosis,  we  can  conclude  that  this  disease  is  us- 
ually produced  by  the  so-called  avian  strain  of  bacillus,  but 
that  at  the  same  time,  there  are  certain  mammalian  strains 
which  are  also  virulent  to  chickens  and  that  such  strains  may 
occasionally  be  associated  with  the  causation  of  the  disease  in 
Jurds. 


MODES  OP  TRANSMISSION  AND  PATHOGENESIS 

As  in  all  other  transmissible  diseases,  the  spread  of  tuber- 
'•ulosis  always  takes  its  start,  either  directly  or  indirectly  from 
a  diseased  animal.  Tubercle  bacilli  cannot  under  ordinary 
•  onditions  grow  outside  of  the  animal  body.  Avian  tubercu- 
losis is  no  exception  to  this  rule  and  when  it  is  encountered  in 
a  tloek,  its  presence  is  due  to  an  introduction  of  the  infection 
frrjm  without. 

This  introduction  frequently  follows  that  of  new  purchases 
into  a  healthy  flock,  and  with  the  great  and  largely  unsus- 
I»^«tpd  prevalence  of  the  disease  the  apparent  increase  in  the 
TiUmber  of  outbreaks  of  avian  tuberculosis  can  be  readily  ex- 
plained. 

But  the  introduction  of  infected  live  fowls,  upon  the  prem- 
iv-s  is  not  the  only  means  of  transmission  of  infection.  Poul- 
■r\-  purchased  in  butcher  shops  for  table  use  may  be  the  means 
of  introduction.  Trimmings  and  offal  from  such  fowls  care- 
l»*«ly  thrown  on  the  garbage  pile  constitutes  an  excellent  in- 
troduction of  infection  in  case  the  birds  were  tuberculous. 

To  what  extent  wild  birds  may  serve  as  vehicles  of  avian 
tuberculosis  in  its  transmission  from  flock  to  flock  is  not  known 
at  this  time.    As  already  stated  the  writers  found  generalized 
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tuberculosis  in  a  sparrow  having  access  to  a  badly  infected 
poultry  yard  and  likewise  proved  the  great  susceptibility  of 
sparrows  to  tuberculosis.  They,  therefore,  made  some  subse- 
(luent  inquiry  relative  to  the  prevalence  of  tuberculosis  among 
the  sparrows  found  on  the  same  premises.  One  hundred  and 
ninety-seven  sparrows  were  examined,  but  in  none  was  tuber- 
culosis found  to  be  present.  While  the  possibility  of  sparrows 
acting  as  agents  of  transmission  can  thus  not  be  altogether 
excluded,we  have  as  yet  no  evidence  to  show  that  this  means 
of  transmission  is  much  to  be  feared. 

It  is  probable  that  among  the  flying  birds  the  domestic 
pigeon  offers  more  danger  in  this  connection.  Veritable  out- 
breaks among  pigeons  are  on  record  and  it  can  be  readily  seen, 
that  such  birds  would  constitute  a  danger  to  any  poultry  yard 
they  may  habitually  visit. 

Accepting  the  available  experimental  evidence  regarding 
the  transmission  of  mammalian  tuberculosis  to  birds,  the  writ- 
ers do  not  believe  that  tuberculous  man,  bovines  and  swine 
can  be  looked  upon  as  important  sources  of  danger  for  a  poul- 
try yard.  This  is  somewhat  different  in  the  case  of  parrots 
which  have  shown  a  high  degree  of  susceptibility  to  both  hu- 
man and  avian  bacilli.  Parrots  and  to  a  less  extent  canary 
birds  also,  may  become  infected  by  taking  food  previously 
crushed  or  chewed  in  the  mouth  of  a  consumptive. 

In  the  transmission  of  tuberculosis  from  bird  to  bird,  the 
exit  of  bacilli  from  the  diseased  fowl,  as  well  as  their  entrance 
into  the  healthy  birds  are  the  points  to  be  considered.  In  the 
light  of  our  present  knowledge,  we  must  regard  the  intestine 
as  practically  the  only  avenue  of  exit  of  bacilli.  Bacilli  are 
often  contained  in  the  faeces  in  prodigious  numbers,  although, 
in  not  a  few  cases,  it  is  difficult  to  find  the  organism  in  the 
bowel  discharges. 

Edwards  (86)  made  microscopic  examinations  of  the  drop- 
pings of  twenty-nine  cases,  in  which  the  intestines  were  tuber- 
culous and  found  bacilli  to  be  present  sometimes  in  enormous 
number,  while  Giltner  (100)  on  the  other  hand  failed  to  diag- 
nose the  disease  by  the  microscopic  examination  of  smears  made 
from  fecal  matter,  secured  either  by  means  of  swabs  taken 
from  the  cloaca  or  from  droppings,  in  spite  of  the  fact  that 
some  of  the  material  was  ba^y  diseased. 

While  the  exit  of  bacilli  with  the  faeces  is  practically  the 
most  important  means  of  elimination,  the  possibility  of  escape 
of  organisms  from  open  lesions  of  joints  and  bones,  conjunctiva, 
skin,  etc.,  must  not  be  forgotten. 
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In  regard,  to  the  entrance  of  infection,  the  experimental  as 
well  as  the  clinical  evidence  strongly  points  to  the  fact  that 
tuberculosis  in  birds  is  usually  of  an  alimentary  origin.  Other 
ports  of  entrance,  of  course,  are  possible  and  no  doubt  do  occa- 
sionally play  a  part,  but  there  is  no  evidence  to  show  that  this 
happens  more  than  in  highly  exceptional  instances. 

In  the  ordinary  course  of  events  the  droppings  of  the  dis- 
eased birds  contaminate  the  food  and  water  of  the  healthy 
ones,  which  by  means  of  those  substances  transfer  the  bacilli 
to  their  digestive  organs. 

While  there  is  no  doubt  that  infection  usually  takes  place 
in  this  manner,  there  seems  to  be  some  variation  in  the  speed 
and  constancy  of  disease  production.  Weber  and  Bofinger  (iSS) 
always  succeeded  in  producing  infection  in  chickens  by  the 
feeding  of  pure  cultures  of  avian  bacilli  or  of  organs  contain- 
ing that  organism.  Edwards  (86)  fed  five  healthy  hens  and 
two  cocks  on  droppings  from  tuberculous  fowls.  In  all  eleven 
feeds  were  given  at  intervals  extending  over  a  period  of  twenty 
days.  Of  the  seven  birds  thus  fed,  four  died  within  six  months 
and  the  autopsy  proved  them  to  be  tuberculous.  The  remain- 
ing three  fowls  in  the  course  of  time  died  from  other  causes. 
The  experiments  of  Qiltner  (100)  do  not  show  that  cohabita- 
tion surely  or  quickly  results  in  the  transmission  of  avian  tu- 
berculosis. Seven  hens  kept  in  contact  with  tuberculous  fowls 
or  in  the  uncleaned  pens  previously  occupied  by  them,  failed 
to  show  lesions  after  several  months.  Later  tests  in  which 
he  kept  healthy  hens  in  intimate  contact  with  tuberculous  ones 
in  advanced  stages  of  the  disease  failed  to  disclose  transmis- 
sion after  five  weeks.  Hastings,  Halpin  and  Beach  (105)  also 
made  an  effort  to  obtain  evidence  regarding  the  rate  of  speed 
at  which  the  disease  may  spread  in  a  flock.  They  obtained 
nine  hens  from  a  diseased  flock,  four  of  the  nine  showing  clini- 
cal evidence  of  the  disease.  .  These  birds  were  placed  with 
^<'Vf»ll  hens  from  a  healthy  flock.  During  the  first  month  the 
l>irds  were  kept  in  a  small  room,  which  was  not  cleaned  during 
tliat  period.  After  ten,  twenty-six  and  forty-six  days,  three 
of  the  diseased  birds  succumbed.  When  the  remaining  six  were 
killed  one  year  later,  all  but  one  were  found  to  be  diseased. 
One  of  the  originally  healthy  hens  was  killed  after  eight  months 
and  showed  tuberculous  lesions.  The  other  birds  were  killed 
after  the  exposure  of  one  year  and  the  autopsy  showed  that 
two  of  the  six  were  tuberculous. 

In  connection  with  the  transmission  in  the  manner  de- 
scribed it  is  probable  that  such  factors  as  virulence,  number  of 
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bacilli  ami  constancy  of  their  introduction  largely  determined 
the  nature  of  the  spread  of  the  disease. 

Some  attention  has  been  paid  by  a  number  of  investigators 
regarding  the  possible  transmission  of  the  disease  by  means 
of  the  eggs  of  tuberculous  hens.     Koch  and  Rabinowitsch  (146) 
admit  the  possibility  of  a  congenital  transmission  of  avian  tu- 
berculosis by  means  of  the  pre-natal  infection  of  the  egg.    Maf- 
fucci  (162)  showed  that  infected  embryos  may  continue  to  de- 
velop. Gartner  (97)  inoculated  twelve  female  canary  birds  and 
one  male  into  the  peritoneum  with  human  tubercle  bacilli.    In 
all  he  obtained  nine  eggs.     They  were  disinfected , with  a  sub- 
limate solution  and  their  contents  injected  into  the  abdominal 
cavity  of  guinea  pigs.     Two  of  those  eggs  proved  to  be  viru- 
lent.    Artault    (5)    claims  to  have  found  tubercle   bacilli  in 
market  eggs.     He  examined  spoiled  eggs  for  their  bacterial 
contents  and  for  this  purpose  made  subcutaneous  injections 
into  rabbits.     Among  twenty-five  inoculations  local  tubercu- 
losis is  said  to  have  developed  in  two  cases.     Mohler  and  Wash- 
burn (179)  showed  that  eggs  laid  by  certain  tuberculous  fowls 
contained  the  bacilli  in  their  whites.     Higgins  (114)   also  en- 
(luired  into  the  danger  of  infection  from  this  source.     Fifteen 
ei?gs  were  received  from  a  flock  of  fowls  among  which  the  dis- 
ease had  been  previously  diagnosed.     Six  of  these  eggs  were 
used  for  microscopic  examination  and  in  three  of  them,  tubercle 
bacilli  were  demonstrated  without  difficulty.     Eleven   cavias 
were  inoculated  with  material  taken  from  ten  of  the  eggs,  with 
the  result  that  in  two  of  these  animals  tuberculosis  developed. 
It  seems  thus  that  transmission  by  means  of  the  eggs  must  he 
given   consideration,   although   the   data   are   not   sufficiently 
numerous  to  enable  us  to  correctly  estimate  the  extent  of  the 
danger. 

The  bacilli  picked  up  with  the  food  find  their  way  into 
the  intestines.  Finding  suitable  ports  of  entrance  in  the 
adenoid  tissues  of  the  gut,  the  organisms  either  become  local- 
ized in  the  structures  of  the  intestinal  wall  or  reach  the  blood 
capillaries  by  which  they  are  conveyed  to  the  portal  vein  to  hv 
finally  deposited  in  the  liver  or  through  this  organ  into  the 
general  circulation.  Tt  is  of  common  occurrence  that  the  in- 
testinal structures  entirely  esca|)e  damage  by  the  bacilli  pass- 
ing through  them,  although,  it  must  be  rememl)ered  that  in- 
testinal lesions  are  very  frequently  found. 

While  the  formation  of  the  tubercle  is  the  most  character- 
istic result  of  tuberculous  infection,  there  also  occur  instances 
in  which  the  invasion  by  tlie  tuber(*le  bacilli  is  not  followed  by 
the  formation  of  the  classic  nodules.     In  such  cases  the  infee- 
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^/irDn  results  in  a  true  tuberculous  septicaemia,  the  tissues  are 

sv^rarming  with  bacilli  but  the  characteristic  lesions  are  absent. 

TViis  type  of  tuberculosis  is  spoken  of  as  the  Yersin  type,  while 

tV».  at  in  which  the  classic  tubercle  formation  is  present  is  known 

as  the  Villemin  type. 

In  the  latter  type,  the  bacilli  localized  in  the  tissues  give 
rise  to  an  inflammatory  reaction.  There  is  a  proliferation  of 
connective  tissues  cells  and  a  migration  of  leucocytes  towards 
the  part  involved. 

As  a  result  a  small  nodule  forms,  the  characteristic  tuber- 
cle. This  nodule  is  devoid  of  blood  vessels  and  in  consequence 
is  but  poorly  nourished.  This  factor  in  addition  to  the  action 
of  the  toxic  substances  derived  from  the  bacilli,  soon  causes 
degenerative  changes  to  take  place  in  the  tubercle  under  the 
effects  of  which-  the  cells  of  the  latter  become  necrotic  from  the 
center  outward,  a  process  giving  rise  to  the  cheesy  granular 
material  so  characteristic  of  tuberculous  lesions.  In  mam- 
malian tuberculosis  calcareous  material  is  commonly  found  in 
the  lesions  but  in  avian  tuberculosis,  this  is  comparatively  rare. 

LESIONS 

The  unit  of  all  tuberculous  lesions  is  the  tubercle.  In  avian 
tuberculosis,  it  does  not  materially  differ  from  that  of  the 
mammalian  forms  of  the  disease,  although  attention  has  been 
4'alled  to  certain  differences. 

Pfander  (215)  was  the  first  to  devote  considerable  atten- 
tion to  the  lesions  of  fowl  tuberculosis  and  his  descriptions  do 
not  materially  differ  from  the  ones  subsequently  given. 

He  recognizes  three  types  of  nodules.  He  first  mentions  the 
tubercle  in  which  caseation  has  not  yet  begun  and  which  consists 
entirely  of  round,  oval  or  flattened  epithelioid  cells,  surrounded 
by  round  cells.  These,  the  youngest  tubercles,  stand  out  sharp- 
ly against  the  surroimding  tissues.  The  second  type  men- 
tioned by  Pfander  are  tubercles  with  beginning  caseation.  The 
^iegenerating  cells  are  stained  less  clearly  and  the  cell  struc- 
tures finally  break  down  into  a  colorless  debris.  In  the  zone 
immediately  surrounding  the  caseous  material,  a  layer  of  intact 
epithelioid  cells  may  still  be  seen,  as  well  as  a  certain  number 
of  preserved  wound  cells  in  the  marginal  zone  of  the  tubercle. 
The  third  variety  described  are  the  larger  nodules  showing  a 
considerable  amount  of  caseation.  The  cheesy  mass  may  have 
become  homogeneously  hyalin  and  not  infrequently  shows  con- 
eentrifie  stratification. 

Around  the  caseous  material  a  narrow  margin  of  epith- 
elioid cells  is  found  and  the  latter  are  frequently  flattened  by 
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pressure.  They  are  apt  to  disappear  altogether  when  casea- 
tion progresfiieB.  In  the  older  tubercles  the  cheesy  center  is 
commonly  surrounded  by  a  connective  tissues  capsule,  a  con- 
dition also  met  with  in  the  tubercles  more  belonging  to  the 
second  type. 

When  several  large  caseous  tubercles  become  confluent 
they  may  give  rise  to  voluminous  cheesy  masses,  by  which  the 
normal  tissues  are  replaced. 

In  all  three  forms  of  tubercles  great  numbers  of  tubercle 
bacilli  can  be  found. 

Among  the  more  conspicuous  differences  between  the  avian 
and  the  mammalian  tubercles,  Pfander  observed  that  typical 
giant  cells  were  rather  uncommon  in  the  avian  lesions,  thai 
the  cheesy  material  of  the  latter  has  a  tendency  to  become 
hyaline  in  character  and  that  the  avian,  tubercles  are  more 
apt  to  become  surrounded  by  a  connective  tissue  capsule.  Koch 
and  Rabinowitsch  (146)  found  that  the  lesions  described  hy 
Pfander  in  the  main  correspond  to  those  presented  by  their 
own  material. 

The  distribution  of  the  lesions  of  avian  tuberculosis  is 
quite  characteristic  of  the  disease. 

In  the  following  table  the  data  furnished  by  Moore  and 
Ward  (184),  Edwards  (86),  Vosgien  (277),  and  HastingR, 
Halpin  and  Beach  (105)  are  given,  while  those  obtained  by  the 
writers  are  likewise  incorporated  in  the  table: 


Autlior 

Moore 
Ward- 

Edwards 

Vosgien 

UaatiDgb 

UalpiD  d 

Beach 

N.  D. 
Station 

Organs 

Autopsies 

% 

17 

f 

145 

29 

126 

Percent 

Percent    Percent 

Percent 

Percent 

Liver  

Bpleen   

76.47 
47.06 

99.00 
92,70 
61.20 
19.23 

98.62 
93.10 
20.69 
42.07 

97.00 
93.00 
60.00 
22.00 
10.00     1 
9.00 
17.00 
14.00 

71.42 
58.72 

Intestines  

35.30 
5.88 

15.87 

LiUnflTS    

7.93 

Kidneys   1 

17.64     1 

13.04 

6.12 

7.93 

Bones-Joints 
Peritoneum  .. 

1 

5.88 
21.17 

5.88 

'5!88 

43.47 

21.00 

13.00 

3.12 

'6]52 
2.08 

22.76 
8.96 
4.12 

1.58 

1.58 

Ovaries  

0.79 

Gizzard  

0.79 

Lymphnodes 
Conjunctiva 
Bkin  

1.58 

0.79 

■ 

Heart  

While  the  data  furnished  by  the  various  observers  indi- 
cate, that  there  are  some  variations  in  the  distribution  of  the 
lesions  among  the  organs,  the  fact,  that  in  chickens,  tubercu- 
losis is  essentially  an  abdominal  disease  is  clearly  shown.    The 
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alimentary  origin  of  the  disease  is  in  all  probability  responsi- 
ble for  this  phenomenon.  While  liver  and  spleen  show  lesions 
more  frequently  than  the  intestines,  lesions  of  the  latter  are 
common  enough. 

Tlie  intestinal  lesions  of  avian  tuberculosis  are  classified 
by  Sdtam  (239)  into  three  types,  namely:  1.  Smallest  nodules 
in  this  Btneous  membrane,  without  involvement  of  the  serous 
eoat»  %  Lentil  sized  ulcers  with  raised  edges  which  caused 
but  VMb  protrusion  of  the  apparently  intact  serosa.  3.  Large 
nodidw  inrominent  on  the  serous  surface,  and  which  form  scars 
in  tkij  Mrresponding  mucous  membrane  and  contain  in  their 
inteilllf  m  ftae  calcareous  deposit. 

KmIi  and  Babinowitsch  (146),  working  with  material  de- 
rivedt^ibvBi  many  species,  report  that  they  never  found  the 
diaeam^fal  ^®  crop.  They  encountered  it,  however,  in  the  giz- 
mil^^HiHi  in  the  shape  of  nodules  or  ulcers.  They  look  upon 
the  ttniMey  toward  tumor  formation  as  quite  characteristic 
of  a'ilMi  toberculosis.  The  most  extensive  intestinal  changes 
wertt;;8MlBd  in  the  Gallinaceous  birds.  The  entire  intestinal 
tube  WBB  found  to  be  studded  with  numerous  nodules  covered 
by  tito.mooth  peritoneum.  They  found  nodules  up  to  hazel- 
nut 4w  ixn  any  part  of  the  intestine,  whi'e  those  of  larger 
size  vere  more  particularly  found  on  the  wall  opposite  the 
mesMterie  attachment.  Such  nodules,  however,  were  not 
fomidl  beyond  the  openings  of  the  caeca.  Those  nodules  showed 
a  C^SMp^  structure.  The  mucous  membrane  over  the  nodules 
is  eflllnMlily  intact,  but  ulcerous  ones  of  all  sizes  are  also 
fonaiLwpeeially  in  the  case  of  the  larger  ones.  In  such  cases, 
the  IMT  presents  itself  as  a  saucer-shaped  excavation  filled 
with  0  tflitttified,  yellowish,  greenish,  necrotic  mass.  In  a 
iiiiinHW  MOnber  of  cases,  there  are  deep,  funnel-shaped  fistu- 
lous IJmni  Teaehing  deeply  into  the  nodules  and  usually  char- 
aeterikift  hy  a  dirty  green  color. 

Jto-#IMoribed  by  Koch  and  Babinowitsch,  the  lesions  of  the 
mueoM  ttombrane  consist  of  millet  seed-like  nodules  mostly 
locaMt  i^  ^®  deeper  layers  of  the  membrane  and  shining 
thro4|l|lkln  a  more  or  less  distinct  manner.  First  of  a  gray  or 
grayipl  tAite  appearance,  they  become  more  or  less  yellow 
with  As  beginning  of  the  necrosis,  project  flatly  toward  the 
lumesi  and  finally  ulcerate.  The  ulcers  so  formed  have  but 
little  taadeney  to  become  confluent. 

Ae  lesions  here  described  correspond  in  the  main  with 
those  fmmd  by  the  authors  with  the  exception,  that  ulcerations 
of  the  intestinal  mucosa  was  comparatively  rare  in  our  material. 
The  intestines  showed   externally  isolated   or  conglomerate 
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nodules,  ranging  in  size  from  that  of  a  pin  head  to  that  or  a 
pigeon  egg.  Sometimes  those  nodules  were  imbedded  into  tlh> 
structures  of  the  intestinal  wall,  while  in  other  cases  they  re- 
mained attached  by  means  of  a  rather  slender  neck  or  st-m 
The  smaller  nodules  often  had  a  pearly  appearance,  the  lanrt' • 
ones  being  more  opaque,  white  or  yellowish  in  color,  and  of  n 
)i:ore  solid  consistency. 

The  liver  is  the  organ  most  commonly  involved  in  avijni 
tuberculosis.  The  aspect  of  the  liver  lesions  is  large'y  d^'iv\■ 
mined  by  the  extent  and  age  of  the  infection.  In  the  nior- 
recent  cases  the  tubercles  are  small  and  when  the  amount  ol 
bacilli  thrown  into  the  organ  was  a  small  one,  their  appearamr 
was  not  very  conspicuous.  When  the  opposite  was  the  case 
the  organ  was  found  to  be  studded  thickly  with  enormous  nnm 
hers  of  smallest  tubercles  visible  alike  under  the  capsule  or 
upon  the  cut  surface.  In  the  older  lesions,  the  tubercles  an 
larger,  often  conglomerate  and  surrounded  by  a  more  or  less 
well  formed  capsule,  by  which  they  are  sharply  differentiated 
from  the  surrounding  liver  tissue. 

As  Koch  and  Rabinowitsch  (146)  observe,  there  commonly 
is  a  great  difference  in  the  size  of  the  nodules,  so  that  one  is 
readily  lead  to  suspect  that  distinct  bacillary  invasions  have 
taken  place. 

The  color  of  the  smaller  tubercles  is  whitish  or  grayish 
white  and  is  more  in  the  yellow  in  the  case  of  the  larger  and 
older  ones.  As  in  the  nodules  met  in  the  intestines,  the 
smaller  ones  are  somewhat  transparent,  while  the  larger  one^ 
are  of  a  more  dense  appearance. 

While  the  boundaries  of  the  larger  nodules  are  usually 
very  sharply  defined,  those  of  the  smaller  tubercles  are  eom- 
monly  quite  vague.  The  larger  nodules  commonly  project 
from  the  liver  surface  and  can  be  readily  picked  out  of  the 
substance  of  the  organ  in  which  smooth  cavities  are  thus  left. 

Under  the  influence  of  tuberculous  disease  of  the  liver, 
the  organ  is  apt  to  show  grave  secondary  changes.  Commonly 
the  same  is  greatly  enlarged,  either  in  its  entirety  or  only  <>' 
one  of  the  lobes.  Degenerative  changes  are  common  and  often 
very  marked.  In  those  cases  the  color  becomes  pale  and  the 
tissue  exceedingly  friable,  so  that  hemmorrhages,  not  uncom- 
monly fatal,  arc  apt  to  occur  during  the  life  of  the  fowl. 

After  the  liver,  the  spleen  is  the  organ  most  apt  to  show  tli<' 
results  of  tuberculous  infection.  The  nodules  met  with  in  thi?^ 
organ  correspond  to  those  seen  in  the  liver,  although  the  con- 
glomeration, as  a  rule,  remains  much  smaller.  The  organ 
often  becomes  considerably  enlarged  and  distorted. 


TnbercnlosiB  of  the  ovaries  or  testicles  is  not  uncommonly 
seen.  In  the  one  case  observed  by  the  Bnthon,  the  ovaries 
were  chaaged  into  a  large,  distorted  mass  composed  of  a  con- 
glomeration of  cheeey  or  hyaline  nodules. 

The  disease  met  with  in  the  kidneys  by  the  writers  showed 
),  hard  and  glassy  in  character  and 
rated  from  tlie  Hurrounding  tissues, 
Lt  in  several  of  the  cases  in  which 
e  observed  no  evidence  of  the  dis- 
)f  the  other  organs, 
gs  is  commonly  observed,  although 
sonspicuoiis  than  those  of  liver  and 
es  the  lesions  consisted  of  isolated 
o!or,  but  in  one  or  two  eases,  the 
use  tuberculous  mass, 
les  could  we  assoeinto  tnbereulouH 
Dth  cases  pertaining  to  nodes  situ- 
egion.  There  was  considerable  en- 
as  changed  into  a' cheeky  mass  di- 
<UB  tissue. 

and  in  association  with  the  intes- 
ord  only  two  cases  of  tuberculosis 
one  of  those  (see  Plate  I)  the  mes- 
if  hard,  dense  and  milky  white  nod- 
ers  of  tubercle  bacilli. 
(146)  state  that  lesions  of  the  eos- 
>f  the  intimate  connection  between 
vail  in  birds,  the  process  is  usually 
urface  of- the  sternum  or,  the  costal 

8  is  complicated  by  the  exudation 
e  and  often  extends  to  the  upper 
It  Qsually  consists  in  the  forma- 
t  nodules.     They  also  deBcribe  the 
'  such  nodules  on  the  parietal  peri- 
!  presence  of  numerous  nodules  in 
s  fibrous  covering  of  the  intestines. 
0  the  formation  of  free  level,  nodu- 
ce.  which  are  largely  composed  of 
laliou   tissue.     Glamann    (101)    re- 
porting a  came  of  luhercuiosis  in  a  gooHt;  describes  a  peculiar 
eondttion   of  the  pleura.     Thin  membrane  was  covered   with 
nnmerous  lentil-sized,  flat,  pedunculated  appendages.       They 
were  of  s  brown  color  and  upon  section  showed  small  whitish- 
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yellow  foci  of  a  cheesy  or  solid  consistency.    The  lesions  con- 
tained the  tubercle  bacillns. 

Bones  and  joints  are  commonly  seats  of  lesions  in  avian 
tuberculosis,  although  only  two  of  our  cases  showed  such 
lesions.  The  parts  more  commonly  affected  are  the  knee,  hock, 
digital  and  shoulder  joints.  The  extremities  of  the  bones 
gradually  enlarge  and  upon  section  we  meet  with  a  cheesy  de- 
bris. Occasionally  the  parts  ulcerate  and  discharge  a  caseous 
material  rich  in  bacilli. 

Skin  .lesions  were  not  met  with  among  our  material.  Bas- 
set and  Coquot  (14)  describe  a  case  in  which  the  neck,  from 
which  the  feathers  had  dropped  out  was  covered  by  a  volumin- 
ous, brown,  dry,  horny  mass,  which  loosened  in  an  irregular 
manner.  The  material  laid  loosely  upon  the  living  tissues  and 
was  separated  from  the  same  by  a  thick,  cheesy,  yellowish 
white,  slightly  moist  substance.  The  surface  is  warty  and  cov- 
ered with  flesh-like  nodules,  showing  a  tendency  to  become 
necrotic.  The  thickness  of  this  granulating  membrane  is  quite, 
considerable  in  certain  portions  and  presents  opaque,  cheesy 
tubercles,  containing  many  bacilli. 

In  parrots  skin  lesions  seem  to  be  more  common.  Accord- 
ing  to  Eberlein  (84)  tuberculosis  of  the  skin  and  subcutis,  as  a 
rule,  results  in  tumor  formation.  Favorable  seats  of  infection 
are  the  corners  of  the  beak  and  the  eye  lids.  The  tuberculous 
tumors  on  account  of  keratization  of  the  superficial  layers 
often  have  a  rough  appearance,  while  deeper  down  caseation 
may  take  place.  Irritation  caused  by  scratching  and  rubbing 
may  give  rise  to  shallow  tuberculous  ulcers. 

Hutyra  and  Marek  (124)  state  that  tuberculosis  of  the 
skin  and  subcutaneous  connective  tissue  in  parrots  shows  it- 
self by  the  occurrence  of  spherical  or  ovoid  nodules  or  tumors, 
ranging  in  size  from  that  of  a  pin  head  to  a  hen  egg  and  of  a 
dense  or  soft  consistency.  They  have  a  smooth  surface  and 
later  on  undergo  caseation.  The  surface  epithelium  becomes 
horny  and  forms,  thick,  bark-like  layers  or  homy  growths  of 
considerable  length.  Similar  growths  may  occur  in  the  mouth, 
the  nose  or  the  eyelids. 

Law  (152)  quoting  Jewsejenke  mentions  tuberculous 
lesions  of  the  lower  eye  lid  of  birds  and  manifested  by  hard, 
round,  knots  covered  by  a  bluish  red  or  yellowish  red  skin. 
The  writers  observed  tuberculosis  of  the  conjunctiva  in  one 
case.  The  agglomeration  of  hard  yellowish  white  tubercles  of 
millet  seed  size  could  be  readily  seen  to  push  the  lid  outward. 

Nocard  (202)  states  that  such  lesions  of  the  mouth, 
pharynx,  sinuses,  nose  and  conjunctiva  as  are  usually  consid- 
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ered  to  be  eaused  by  roup,  were  found  to  be  swarming  with 
tubercle  bacilli.  The  writers,  however,  have  reasons  to  be- 
lieve, that  such  findings  would  be  extremely  rare  in  this  part 
of  the  country. 

SYMPTOMS 

The  symptoms  presented  by  fowls  suffering  from  tuber- 
culosis are  very  vague  and  indefinite.  Only,  when  the  disease 
has  reached  an  advanced  stage  or  when  the  lesions  are  asso- 
ciated with  organs  externally  situated  may  the  symptoms  be 
sufSciently  characteristic  to  lead  to  the  recognition  of  the  dis- 
ease. 

The  latter  stages  of  the  disease  are  commonly  marked  by 
an  extreme  loss  of  flesh,  accompanied  by  dullness,  a  roughness 
of  the  feathers  and  paleness  of  comb  and  wattles.  When 
handling  the  birds,  their  marked  lightness  becomes  at  once 
apparent  and  the  owners  of  tuberculous  poultry  will  commonly 
complain  that  their  fowls  are  'Agoing  light.'' 

The  loss  of  flesh  is  esx)ecially  noticed  when  in  such  cases  the 
muscles  of  the  breast  are  examined.  In  many  cases  it  seems 
that  the  meat  has  entirely  disappeared  and  the  outline  of  the 
breast  bone  can  be  distinctly  seen  or  felt  under  the  skin.  In 
a  few  eases,  in  which  the  abdominal  organs  are  the  seat  of 
tnmor-like  lesions  the  latter  may  occasionally  be  felt  through 
the  thin,  attenuated  abdominal  walls.  Animals  affected  with 
extensive  tuberculosis  usually  die  in  an  extremely  emaciated 
condition.  Only  occasionally  do  we  meet  with  fowls  having 
extensive  tuberculosis,  and  in  which  the  condition  of  the  body 
aproaches  that  of  normal  health. 

Occasionally  the  lesions  pertain  to  such  parts  as  bones  and 
joints,  the  skin,  eye  lids,  mouth,  etc.,  and  then  the  symptoms 
produced  may  be  clear  enough  for  a  prompt  recognition  of  the 
disease.  When  bones  or  joints  are  affected,  the  animal  limps 
or  drags  one  or  both  wings  and  a  closer  examination  will  reveal 
a  distinct  enlargement  of  the  affected  parts.  Sometimes  this  is 
accompanied  by  ulceration  and  the  escape  of  a  cheesy  mater- 
rial. 

Symptoms  associated  with  the  skin  or  the  visible  mucous 
membranes  are  very  rare  among  ordinary  farm  poultry  but  are 
more  commonly  seen  in  parrots. 

DIAGNOSIS 

It  can  be  readily  understood  that  in  a  disease  in  which 
characteristic  symptoms  are  so  manifestly  in  default  the  diag- 
nosis offers  great  di£Bculty.  Even  when  there  are  clear  cut  dis- 
turbances, it  is  not  always  possible  to  attribute  them  to  tuber- 


24 

ciilosis.  Wasting  disease  may  be  due  to  other  pathogenic  fac- 
tors and  the  swellings  of  bones  and  joints  are  readily  confused 
with  those  produced  in  gouty  arthritis  or  ** bumble-foot." 

When  lesions  are  near  the  body  8urfa<;e,  their  contents 
may  be  examined  for  bacilli,  the  finding  of  which,  of  course, 
definitely  settling  the  diagnosis.  The  same  may  be  done  with 
the  body  discharges  in  which  the  bacilli  are  often  present  in 
great  numbers.  This,  however,  does  not  seem  to  be  a  constant 
feature  as  Giltner  (100),  for  instance,  failed  to  find  bacilli  in 
smears  made  from  fecal  matter  secured  from  badly  diseased 
fowls. 

Whenever  it  merely  is  a  question  relating  to  the  presence 
or  absence  of  tuberculosis  in  a  given  fiock,  we  can  have  re- 
course to  autopsies  on  birds  killed  for  the  purpose.  Such  meth- 
ods, however,  will  not  be  of  any  avail  when  we  desire  to  deter- 
mine the  condition  of  a  living  bird.  In  mammalian  tubercu- 
losis, the  specific  reaction  to  tuberculin  enables  us  to  recognize 
the  existence  of  the  disease  in  a  given  animal  with  a  high  de- 
gree of  accuracy,  but  in  the  birds  definite  tuberculin  reactions 
were  not  observed  until  quite  recently. 

Efforts  to  diagnose  avian  tuberculosis  by  means  of  tuber- 
culin were  made  soon  after  its  discovery  by  Koch.  Babes  and 
Babes  (8)  m  1891  and  Diem  (80)  in  1892  reported  that  chick- 
ens do  not  react  to  tuberculin.  In  1895,  Nocard  (202)  men- 
tions the  test  as  a  possible  means  of  diagnosis  but  as  he  does 
not  refer  to  any  evidence  in  support  of  its  practical  value,  it 
is  probable  that  the  mention  was  made  on  theoretic  grounds 
only.  Straus  (254)  in  the  same  year  found  that  fowls  do  not 
react.  Ward  (279)  published  the  results  of  tuberculin  experi- 
ments made  with  twenty-two  fowls  during  1904.  He  worked 
with  three  tuberculin  preparations,  including  one  of  avian  ori- 
gin, but  the  experiments  failed  to  demonstrate  any  marked 
thermic  reactions.  Moore  (183)  states  in  1906,  that  tubercu- 
lous chickens  gave  no  reaction  to  tuberculin,  not  even  when 
an  avian  product  was  used,  Saalbeck  (236-237)  writing  in  1909, 
also  concluded  that  tuberculin  cannot  be  used  for  the  diagno- 
sis of  tuberculosis  in  living  domestic  fowls  when  applied  sub- 
cutaneously,  in  the  eye,  or  cutaneously.  In  the  following 
year,  Klimraer  and  Saalbeck  (142)  state  that  chickens  and  tur- 
keys, non-tuberculous,  tuberculous  or  infected  with  human  and 
bovine  bacilli  gave  no  reactions  to  different  tuberculin  prepa- 
rations, when  applied  subcutaneously,  ophthalmically  or  cuta- 
neously. 

In  1911  Edwards  (86)  also  published  that  in  both  healthy 
and  tuberculous  fowls,  there  was  no  reaction  of  temperature 
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following  the  injeetion  with  tuberculin.  Giltner  (100)  re- 
ported in  1912  that  he  made  an  avian  tuberculin  and  tested  its 
action  by  injection  into  the  comb  and  by  instillation  into  the 
conjunctival  sack,  but  failed  to  obtain  results.  Negative  re- 
sults were  also  obtained  by  Higgins  (115)  who  tested  tubercu- 
lous chickens  by  means  of  a  special  tuberculin,  dropped  into 
the  eye  and  injected  intradermally. 

With  a  view  of  enlarging  our  knowledge  in  regard  to  the 
possibility  of  applying  a  tuberculin  test  in  the  diagnosis  of 
fowl  tuberculosis  some  experiments  were  begun  at  this  station 
in  January  1913,  using  chickens  kindly  fumishel  by  Dean 
Shepperd  of  the  Agricultural  Division  and  Professor  Dynes  in 
charge  of  the  poultry  breeding  experiments. 

Owing  to  the  negative  results  obtained  by  previous  inves- 
tigators when  the  subcutaneous,  ophthalmic  or  cutaneous 
method  of  application  was  used,  the  writers  experimented  al- 
most exclusively  with  the  intra-cutaneous  method  of  tuberculin 
application  introduced  by  Moussu  and  Mantoux  (188)  in  1908 
as  a  practical  test  in  mammals. 

Mention  should,  however,  be  made  of  the  fact  that  in  some 
fifty  fowls  of  which  a  large  proportion  were  actually  tuber- 
culous, the  ophthalmic  test  was  likewise  used,  but  without  any 
restilts  whatever. 

The  tuberculin  used  in  our  trials  was  prepared  in  the  cus- 
tomary manner  from  an  avian  bacillus  and  was  applied  in  a 
fifty  per  cent,  solution.  A  few  trials  made  with  the  one  hun- 
dred per  cent,  tuberculin  brute  failed  to  give  better  reactions 
than  the  weaker  solution  and  its  further  use  was  therefore  dis- 
continued. 

That  it  is  advisable  to  use  avian  tuberculin  for  the  test- 
ing of  chickens  is  clearly  indicated  by  the  results  obtained  in 
Series  XVI.  The  eleven  fowls  of  this  series  were  tested  with 
bovine  tuberculin  with  the  result  that  only  two  chickens  re- 
acted. When,  however,  one  month  later  the  birds  were  tested 
with  avian  tuberculin,  an  additional  three  birds  reacted.  The 
lesions  found  in  the  latter  showed  that  they  were,  no  doubt, 
diseased  at  the  time  of  the  first  test. 

As  places  of  injection  the  comb  and  one  of  the  wattles 
were  chosen.  Making  injection  in  a  proper  manner  is  proba- 
bly the  most  important  feature  in  the  testing  technic.  The 
injection  namely,  must  be  made  quite  near  the  surface,  and  in 
such  a  manner  that  tuberculin  is  principally  deposited  along 
the  stratum  Malpighi.  Tuberculin  injected  into  the  deeper 
layers  of  the  skin  of  comb  or  wattles  is  lost  and  even  in  dis- 


eased  animals  will  not  elieit  a  reaction.  On  the  otiier  Land, 
if  the  injection  is  made  too  superflcially,  there  is  danger  of  it 
bursting  through  the  epithelium. 

In  order  to  make  the  injections  in  the  manner  in- 
di<cated,  a  small  needle  is  reqnired  and  after  trying 
several  sizes  we  found  that  needles  of  26  and  27 
gauge  are  the  most  suitable.  While  of  course,  any 
small  syringe  will  answer  the  purpose,  it  will  be 
found  advantageous  and  convenient  to  select  one  of 
very  small  calibre. 

Especially,  when  making  injections  into  the  comb, 
we  found  it  difficult  to  even  inject  a  small  quantity  of 
tubercul^  into  the  dense  tissues  belonging  to  the 
integument.  By  selecting  a  small  calibre  syringe,  it 
is  possible  to  exert  a  greater  pressure  and  thereby 
secure  a  better  infusion  of  the  tuberculin  into  the 
tissues. 

The  injection  technic  is,  in  itself,  eriinple  enough : 
the  needle  is  carefully  inserted  in  the  layer  indicated 
and  the  plunger  of  the  full  syringe  is  slowly  pressed 
in.  When  the  needle  is  not  inserted  in  the  proper 
place,  there  will  be  little  or  no  re^stance  in  pressing 
the  plunger  in,  but  when  the  needle  is  correctly 
placed,  a  considerable  pressure  is  often  required  to 
force  the  tubercalin  into  the  tissues. 

We  regard  those  injections  as  most  properly  made 
when,  if  conriderable  pressure  upon  the  syringe 
plunger  is  exerted  the  tuberculin  but  slowly  diffuses 
into  the  tissues  surrounding  the  needle  point  and 
which  may  often  be  plainly  seen  by  an  increasing 
white  or  yellowish  area  gradually  replacing  the  cus- 
tomary red  color  of  the  parts. 

We  have  made  no  attempts  at  regulating  the  dose 

as  we  found  that  in  a  properly  made  injection,  the 

Tuberculin    amount  is  automatically  limited  by  the  resistance  of 

cbioken*      the  tissucB ;  about  so  much  can  be  injected  but  not 

any  more.     We  find,  however,  that  ttie  amount  of 

tuberculin  (fifty  per  cent.)  used  per  fowl  will  vary  &om  one- 

thirtieth'to  one-twentieth  of  a  cubic  centimeter. 

In  our  experiments  the  results  of  the  injections  were  as- 
certained twenty-four,  forty-eight  and  seventy-two  hours  after 
the  introduction  of  the  tuberculin  into  the  tissues. 

If  reactions  are  obtained,  they  correspond  to  those  seen  in 
the  intradermal  test  in  mammals  and  consist  of  a  local  swell- 
ing of  the  part  injected.    Like  in  those,  we  notice  in  the  react- 
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ing  fowls  alBO  a  eondderable  degree  of  varialion  in  the  inten- 
sity of  the  reactions.. 

In  the  first  of  our  experimental  series,  we  encountered 
quite  a  number  of  cases  in  which,  a  swelling  was  present  at 
the  point  of  inoculation,  but  not  of  sufficient  size  to  warrant 
them  in  being  regarded  as  actual  reactors.  In  the  later  series 
when  some  sldU  at  injection  was  acquired,  the  doubtful  react- 
ors became  less  in  numbers. 

From  this  small  indefinite  swelling  the  reaction  varies  up 
to  quite  voluminous  enlargement  of  the  part  injected.  In  one 
case,  the  thickness  of  the  wattle  of  a  reacting  fowl  increased 
from  2.5  m.  M.  thickness  before  the  reaction  to  7  m.  M.  after 
the  same. 

The  reaction  swelling  is  not  accompanied  by  hyperemia,  in 
fact,  the  r^d  color  of  comb  or  wattle  usually  makes  way  for  a 
lighter  color  under  the  effect  of  the  reaction.  In  the  central 
portion  of  the  swelling,  the  parts  are  commonly  of  a  pale  yel- 
lowish color,  while  surrounding  this  the  color  jb  commonly  of 
a  dirty  red  occasionally  with  a  greenish  tinge.  This  is  espe- 
cially seen  in  certain  comb  reactions,  while  in  wattle  reactions, 
there  seems  to  be  more  of  a  tendency  toward  a  soft  edematous 
swelling,  marked  by  diffuse  discoloration,  ranging  from  a  dirty 
pale  yeUow  to  a  dirty  greenish  cast. 

Comparing  the  constancy  in  comb  and  wattle  reactions,  we 
find  that  the  latter  are  most  constant.  In  the  cases  where  data 
for  comparison  were  available  we  found  that  in  4.25  per  cent, 
of  the  reactors  the  comb  reaction  only  could  be  observed,  in 
21.25  per  cent  the  wattle  reaction  alone  was  present,  while  both 
reactions  were  found  in  74.50  per  eent.  of  the  reactors. 

This  apparent  advantage  of  the  wattle  as  a  place  for  in^ 
jection  is  probably  due  to  the  fact  that  its  looser  texture  per- 
mits a  more  pronounced  swelling  to  take  place  as  compared 
with  the  denser  structure  of  the  comb.  The  latter  is  especially 
dense  in  the  male  birds  and  in  all  such  which  presented  a  very 
good  wattle  reaction,  the  one  in  the  comb  failed  to  develop. 

In  spite  of  the  apparent  superiority  of  the  wattle  as  place 
of  injection,  we  thought  it  wise  to  adhere  to  a  simultaneous 
comb-injection  in  order  to  guard  against  mistakes  arising  from 
faulty  injections.  Since  mor^  skill  in  the  injection  teehnic 
was  developed,  it  became  obvious  that  the  injection  into  one 
wattle,  using  the  other  as  a  check,  is  quite  suffieient  for  prac- 
tical purposes. 

In  nearly  all  our  cases  the  reactions  seemed  to  be  most 
pronounced  and  dear  about  forty-eight  hours  after  injeetion. 
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Most  of  them  were  reduced  in  size  on  the  following  day  and 
on  the  fifth  day  after  injection  they  had  usually  completely 
disappeared. 

For  so  far  as  we  were  able  to  ascertain  the  injections  never 
resulted  in  any  general  disturbance  and  the  birds  appeared  to 
be  in  the  same  condition  during  the  reaction  as  before  or  after. 

We  have  no  sufficient  data  on  the  manner  of  reaction  to  a 
second  injection  after  the  first  one  had  resulted  in  a  typical 
one.  We  only  injected  two  reacting  fowls  a  second  time  and 
those  again  reacted  in  about  thirty  days  after  the  first  test. 
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In  the  following  tables  the  details  of  the  investigation  are 
presented.  The  negative  reactions  are  indicated  by  the  ( — ) 
sign.  The  positive  ones  by  means  of  the  plus  (+)  sign,  indi- 
cating: the  degree  of  the  reaction  by  (+)  for  slight,  by  (++) 
for  marked  and  by  (+++)  for  very  marked  swellings.  In  the 
qnestionable  reactions  the  question  sign  (?)  is  generally  used, 
but  lichen  this  is  combined  with  the  minus  sign  ( — f),  we  indi- 
cated that  i^hile  some  reaction  is  present,  it  is  probably  nega- 
tive, ^while,  on  the  other  hand,  it  is  used  with  the  plus  sign 
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plus  aign.  Slight  lesions  are  indicated  by  (+),  marked  lesions 
by  (++)  and  very  extensive  lesions  by  (+++). 

In  order  to  avoid  the  misinterpretations  of  lesions,  we  have 
ascertained  the  presence  or  absence  of  tubercle  bacilli  in  all 
cases  examined  and  indicate  those  findings  in  a  separate  column 
in  the  naual  manner. 
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Smnmarizmg  the  results  of  all  series  we  find : 

Total  number  of  tests  made 601 

Number  of  fowls  examined  by  autopsy 277* 

Number  of  fowls  with  lesions 125 

Fowls  showing  typical  reactions 90 

Reacting  fowls  with  lesions 88    (97.77%) 

Reacting  fowls  without  lesions 2    (  2.23%) 

Fowls  without  lesions  130 

Non-reacting  fowls  without  lesions 120    (91.53^) 

Non-reacting  fowls  with  lesions 10    (  8.47%)^ 

Fowls  with  doubtful  reactions 57 

Doubtfully  reacting  fowls  with  lesions 27    (47.36%) 

Doubtfully  reacting  fowls  without  lesions...  30    (52.64%) 


From  the  above  it  appears  that  the  presence  of  a  reaction 
in  the  chickens  tested  is  an  almost  certain  indication  of  tuber- 
culous infection,  especially  so,  when  we  remember  that  in  one 
of  the  two  birds  reacting,  without  showing  lesions  at  the  au- 
topsy, the  liver  and  the  spleen  contained  a  considerable  number 
of  free  tubercle  bacilli. 

In  our  earlier  series  the  indications  furnished  by  the  non- 
reacting  fowls  were  less  accurate.  At  the  time  we  attributed 
the  false  indications  to  faulty  injection  technic  and  this  sus- 
picion was  realized  by  later  experience.  In  the  later  series, 
the  negative  reactions  were  nearly  always  confirmed  by  lie 
post-mortem  findings. 

The  fact  that  we  could  not  check  the  results  of  the  test 
in  all  chickens  examined,  but  could  only  do  so  in  the  series 
most  thoroughly  infected  may  also  have  had  its  influence  in 
the  comparatively  large  percentage  of  error  in  the  non-react- 
mg  birds. 

In  addition  to  the  above,  we  must  keep  in  mind  the  non- 
susceptibility  to  tuberculin  in  gravely 'affected  mammals  and 
we  may  believe  similar  conditions  may  exist  in  fowls. 

While  nothing  less  than  a  great  amount  of  practical  experi- 
ence obtiined  under  all  kinds  of  conditions  will  be  necessary 
to  establish  the  usefulness  of  the  intradermal  tuberculin  test 
in  the  eradication  of  tuberculosis  from  farm  poultry,  the  re- 
sults obtained  in  our  experiments  are  strongly  suggestive  of 
its  value. 

At  first  we  were  somewhat  discouraged  by  the  compara- 
tively large  numbers  of  doubtful  reactions,  but  as  with  the 
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accumulation  of  experience  tbe  doubtful  reactions  only  occur 
in  less  than  ten  per  cent,  of  the  total  fowls  tested,  we  no  longer 
believe  that  they  constitute  a  fatal  disadvantage. 

In  addition  to  becoming  a  possible  factor  in  the  eradica- 
tion of  avian  tubercxdosis,  the  test  may  likewise  become  an  aid 
in  the  various  lines  of  research,  dealing  with  avian  tuberculosis, 
its  etiology  and  relations  to  the  tuberculoses  of  other  species. 
It  would  enable  the  investigator,  at  least,  to  a  very  large  ex- 
tent, to  select  birds  for  experimental  purposes  known  to  be 
free  from  the  disease,  eliminating  in  this  manner  the  danger  of 
errors  due  to  spontaneous  tuberculous  infection. 

The  writers  heUeve  to  be  fully  warranted  in  recommend- 
ing the  tuberculin  test  as  here  described  for  further  trials  but 
cannot  do  so  without  calling  attention  to  the  fact,  that  a  cer- 
tain amount  of  skill  and  experience  in  the  making  of  the  in- 
jections is  necessaiy.  This  warning  should  especially  appeal 
to  the  lay  poultry  owner,,  not  familiar  with  the  procedures  of 
this  kind.  We  believe  it  well  within  the  power  of  any  intelli- 
gent person,  to  master  the  injection  technic  quite  fully,  but  one 
must  expect  some  contrary  results  such  as  were  also  encoun- 
tered by  the  writers  in  the  earlier  series  of  our  experiments. 

Especial  care  must  be  taken  in  securing  the  most  super- 
ficial injection  possible,  while  in  the  handling  of  the  wattle, 
the  bruising  of  the  parts  must  be  carefully  avoided. 

PROGNOSIS 

Like  many  other  species,  tuberculosis  of  poultry  is 
essentially  a  chronic,  progressive  disease,  which  with  the 
extension  and  increase  of  the  lesions  slowly  leads  to  emacia- 
tion and  death.  No  doubt,  we  can  occasionally  find  evidence 
to  show  that  the  progress  of  the  disease  has  been  arrested,  but 
in  birds  this  is  comparatively  rare,  and  most  of  the  animals 
affected  sooner  or  later  succumb  in  the  manner  already  indi- 
cated. That  the  disease  progresses  slowly  and  that  the  fatal 
termination  occurs  mostly  after  a  considerable  time  is  clearly 
shown  by  the  fact  that  the  older  birds  of  a  flock  which  became 
infected  sometime  in  1910,  furnished  the  higher  percentages  of 
actual  disease.  The  distribution  of  the  disease  among  the 
birds  at  various  ages  as  found  during  autopsy  earl^r  in  1913 
was  as  follows : 


Year  when  hatched 

Percentage  of  infeotion 

1909 

85.71 

1910 

86.44 

1911 

24.35 

1912 

3.33 
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The  fact  that  the  i>ercentages  for  the  birds  of  1909  and 
1910  are  so  nearly  alike  must  be  attributed  to  the  fact  that 
they  very  probably  became  exposed  to  infection  at  one  and  the 
same  time. 

Treatment  of  avian  tuberculosis  is  impracticable  and  of  no 
value  in  the  control  of  disease. 

PROPHYLAXIS 

The  prospects  of  successful  prevention  of  avian  tubercu- 
losis should  not  be  less  encouraging  than  in  the  mammalian 
forms  of  the  disease,  since  the  use  of  tuberculin  as  a  diagnostic 
agent  has  become  available. 

In  formulating  preventive  measures,  the  facts  considered 
nuler  the  heading  of  modes  of  transmission  should  be  kept 
constantly  in  mind. 

The  owners  of  a  healthy  flock,  should  be  careful  in  the  in- 
troduction of  new  stock  and  when  the  latter  is  procured  from 
unknown  or  questionable  sources,  it  ^ould  be  advisable  to  sub- 
ject the  fowls  to  a  tuberculin  test  before  they  are  permitted 
to  mingle  with  the  healthy  birds. 

Offal  from  fowls  dressed  for  table  use  should  be  destroyed 
by  burning  and  especially  so  if  obtained  from  outside  sources. 

We  do  not  know  at  this  time  to  what  extent  transmission 
hy  such  carriers  as  pigeons  and  sparrows  is  to  be  feared,  but 
efforts  should  be  made  to  eliminate  them,  if  it  is  known  that 
poultry  flocks  close  by  are  affected  with  tuberculosis. 

When  the  disease  has  once  become  introduced  into  a  flock, 
it  is  advisable  to  begin  culling  out  all  the  old  stock,  and  to  kill 
them  for  table  purposes,  their  condition  permitting.  This 
is  not  only  a  very  efficient  measure  in  the  prevention  of  tuber- 
euloeis,  but  must  be  regarded  as  good  poultry  husbandry  as 
it  is  doubtful  that  birds  over  two  years  old  pay  for  themselves 
onless  they  constitute  especially  desirable  breeding  stock. 

As  the  data,  published  above  showed  the  older  fowls  in  an 
affected  flock  are  for  the  larger  portion  diseased  and  as  such 
constitute  the  most  important  factor  in  the  distribution  of  the 
diiease. 

After  the  elimination  of  the  older  birds,  the  remainder  of 
the  floek  may  be  tuberculin  tested  in  the  manner  indicated 
above  and  idl  fowk  reacting  either  typically  or  doubtfully 
should  share  the  same  fate  as  the  older  birds. 

In  many  of  the  infected  birds  the  lesions  will  be  found  to 
be  slight  or  confined  to  just  one  organ.  In  a  few  of  our  react- 
ing ehiekens  it  required  a  long  continued  search  through  the 
orgms  before  the  lesion  could  be  discovered.    As  in  the  use 
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of  tuberculin  in  other  animals,  the  reagent,  used  in  chickens 
merely  indicates  that  tuberculous  infection  is  there  and  never 
the  extent  of  the  lesions.  Fowls  in  fair  condition  and  with 
only  slight  or  limited  lesions  must  be  considered  fit  for  table 
use. 

Certain  phases  of  the  management  of  poultry  must  be  given 
ccfQsideration  in  connection  with  tuberculosis.  Clean,  airy, 
well  lighted  quarters  are  less  apt  tp  promote  the  spread  of  the 
disease  than  when  the  opposite  is  the  case.  Close  crowding 
of  the  birds  in  ill-ventilated  quarters  especially  favors  the  rapid 
spread  of  the  disease  when  one  or  more  infected  birds  are  pre- 
sent. This  factor  is  quite  important  in  this  state,  where  the 
rather  severe  winters  often  compel  us  to  keep  our  poultry 
housed  for  long  periods.  The  writers  have  frequently  ob- 
served instances  in  which  the  crowding  together  of  fowls  dur- 
ing the  winter  was  followed  by  a  very  rapid  and  complete  dis- 
semination of  the  disease. 

On  this  ground  it  seems  advisable  to  eliminate  all  old  fowls, 
not  desired  as  breeding  stock,  at  the  beginning  of  winter  and 
subject  the  remainder  of  the  flock  to  a  tuberculin  test.  At  that 
time  of  the  year,  the  dressed  birds  can  be  usually  kept  in  a 
frozen  condition  until  required  for  the  table.  In  this  manner, 
actual  losses  can  be  reduced  to  a  minimum. 

After  the  diseased  birds  have  once  been  disposed  of,  the 
quarters  and  all  eating  and  drinking  utensils  must  be  thor- 
oughly cleansed  and  disinfected.  When  the  diseased  birds  were 
kept  in  enclosed  runs,  it  is  also  advisable  to  abandon  those  for 
a  season. 

To  what  extent  the  disease  is  transmitted  by  means  of  egg^ 
cannot  be  said  at  this  time,  but  even  if  the  danger  from  this 
source  is  probably  a  slight  one,  common  prudence  should  cause 
one  to  avoid  the  use  of  eggs  from  tuberculous  birds  for  setting 
purposes. 

As  an  indication  of  what  may  be  accomplished  in  the  eradi- 
cation of  tuberculosis  from  a  rather  heavily  infected  flock  of 
chickens,  the  writers  may  relate  the  following  experience: 

In  the  beginning  of  1913  a  flock  of  249  chickens  was  found 
by  tuberculin  test  and  autopsy  to  be  tuberculous  to  the  extent 
of  43.37  per  cent.  Eliminating  all  reacting  and  undesirable 
birds,  fifty-six  non-reacting  fowls  were  retained  to  which  were 
added  forty-seven  new  purchases,  which  did  not  react  to  the 
test,  making  a  total  of  one  hundred  three  fowls.  During  the 
summer  one  more  bird  died  with  tuberculosis  and  must  be  re- 
garded as  a  case  which  failed  to  react  on  account  of  very  ex- 
tensive lesions.  Some  more  birds  died  of  other  causes  (heat, 
hemorrhages,  etc.) before  the  next  test  could  be  made. 
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The  last  test  was  made  one  year  after  the  previons  one. 
The  flock  had  in  the  mean  time  again  increased  to  two  hundred 
forty-nine  fowls  and  the  test  revealed  only  2.41  per  cent,  of 
tuberculosis.  All  those  cases  showed  very  slight  lesions,  prob- 
ably incipient,  and  may  be  attributed  to  infection  by  the  missed 
case  which  died  during  the  summer. 

RELATION  OF  AVIAN  TO  MAMMALIAN  TUBERCULOSIS 

In  view  of  the  increasing  degree  of  interest  now  centering 
around  tuberculosis  as  a  factor  in  public  health,  as  well  as  in 
its  economic  aspects,  it  seems  wise  to  inquire  into  the  relations 
of  avian  tuberculosis  to  that  of  mammals,  and  to  review  some 
of  the  evidence  thus  far  presented. 

There  can  be  no  doubt  that  such  a  relation  was  suspected 
even  long  before  the  discovery  of  the  tubercle  bacillus.  Bber- 
loin  (84)  tells  us  that  Gerlach  in  1875  transmitted  fowl  tuber- 
culosis to  three  rabbits  and  two  swine  by  feeding.  Straus 
!261)  also  found  that  avian  bacilli  could  produce  slight  lesions 
in  rabbits  but  found  them  apparently  less  susceptible  than 
iruinea  pigs.  Weber  and  Bofinger  (283)  found  that  rabbits 
would  contract  avian  tuberculosis  and  would  do  so  more  read- 
ily by  the  ingestion  of  tuberculous  material  than  by  sub-cutane- 
ous inoculation.  Koch  and  Rabinowitsch  (146),  Bang  (11) 
and  Hastings  and  Halpin  (104)  found  that  rabbits  are  suscept- 
ble  to  avian  tuberculosis.  Bang  (11)  and  Cobbett  (54)  report 
cases  of  spontaneous  infection  in  rabbits.  Moore  (183)  reports 
negative  results  of  his  infection  experiments. 

Guinea  pigs  w^ere  found  to  be  liable  to  avian  tuberculosis 
by  Straus  (261),  Pansini  (208),  Mursajeff  (91),  Weber  and 
Rofinger  (283),  Koch  and  Rabinowitsch  (146),  Edwards  (86), 
and  Hastings  and  Halpin  (104),  while  Pernot  (214)  and  Moore 
083)  on  the  other  hand  failed  to  secure  transmission  in  their 
experiments. 

Rabinowitsch  (219)  encountered  spontaneous  avian  tu- 
bereulosLs  in  the  rat,  while  Koch  and  Rabinowitsch  (146)  are 
inclined  to  ascribe  to  this  animal^  as  well  as  to  mice,  a  not  in- 
considerable part  in  the  distribution  of  the  disease,  at  least, 
in  zoological  gardens.  On  the  other  hand,  Shattock  and  Dud- 
jreon  (245)  found  the  white  rat  to  be  resistant  to  the  disease, 
an  observation  confirmed  later  by  the  experiments  of  Himmel- 
bfTger  (117).  De  Jong  (68)  reports  spontaneous  bird  tuber- 
'ulosis  in  mice  and  the  same  animals  are  also  held  to  be  sus- 
ceptible by  Weber  and  Bofinger  (283). 
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Steriopulo  (253)  describes  two  cases  of  avian  infection  in 
g:oat8.  Bang  (11)  made  feeding  experiments  with  bouillon  cul- 
tures of  avian  bacilli  in  goats  and  kids  and  saw  generalized 
tuberculosis  develop  as  a  result. 

The  transmission  of  avian  tuberculosis  to  swine  has  en- 
gaged the  attention  of  several  authors.  Titze  (265)  observed 
slight  lesions  in  the  mesenteric  and  portal  lymphnodes  of  pigs 
after  they  were  fed  with  great  amounts  of  avian  bacilli.  Typi- 
cal organisms  could  again  be  isolated  from  the  lesions.  Of 
three  six  week  old  pigs  fed  with  five,  ten  and  fifteen  cubic 
centimeters  of  avian  culture  by  Bang  (11)  only  the  one  receiv- 
ing the  smallest  amount  showed  lesions,  the  other  two  escaping 
infection. 

Hastings  and  Halpin  (104)  fed  four  hogs  on  avian  tuber- 
(^lous  tissues  and  all  animals  showed  lesions  when  slaughtered 
five  or  six  months  later.  The  lesions  were  confined  to  the  cer- 
vical and  mesenteric  lymphnodes. 

Mohler  and  Washburn  (179),  de  Jong  (72),  Rasmussen 
(226),  Christianson  (51),  and  Junack  (131)  saw  the  disease 
occur  spontaneously  in  swine,  some  of  them  in  the  form  of  reg- 
ular outbreaks.In  the  Danish  and  American  cases  contact  with 
infected  birds  could  be  shown  and  the  investigations  made  by 
Bang  (13)  leave  no  doubt  as  to  the  origin  of  the  disease. 

Bouillon  cultures  of  avian  bacilli  were  fed  to  three  calves 
by  Bang  (11)  and  the  animals  developed  marked  intestinal 
tuberculosis  with  involvement  of  the  mesenteric  lymphnodes. 
The  animals  died  or  were  killed  in  a  moribund  condition  in 
from  thirty-nine  to  sixty-three  days.  Himmelberger  (117) 
also  succeeded  apparently  in  infecting  calves  with  avian  mate- 
rial. 

A  tubercle  bacillus  corresponding  to  the  avian  type  was 
isolated  from  abdominal  lesions  of  a  horse  by  Nocard  (20*^. 
Bang  (11)  included  in  his  leeding  experiments  two  horses  ami 
a  colt.  Both  horses,  Vs^hich  were  fed  with  large  amounts  of 
bouillon  cultures  representing  thirteen  avian  strains  were 
found  to  be  free  from  tuberculosis  after  eight  months,  while 
the  colt  died  fifty-five  days  after  consuming  one  hundred  grams 
of  bouillon  culture.  The  autopsy  of  this  colt  revealed  marked 
enlargement  and  beginning  caseation  of  the  mesenteric  lymph- 
nodes, swelling  and  small  ulcers  of  the-  solitary  follicles,  while 
microscopic  nodules  were  found  in  the  liver.  Titze  (265),  on 
the  other  hand,  obtained  negative  results  in  a  feeding  experi- 
ment with  a  colt.  Zwick  (291)  only  met  with  human  and  bo- 
vine strains  of  bacilli  in  the  six  cases  of  horse  tuberculosis, 
which  he  examined. 
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Rabinowitscb  (223)  found  a  case  of  spontaneous  tubercu- 
losis in  a  monkey  due  to  avian  infection. 

The  avian  bacillus  has  been  but  rarely  found  to  be  asso- 
ciated with  tuberculosis  in  man.  Pansini  (207)  expresses  the 
opinion  that  such  infection  actually  occurs.  Nocard  (204)  and 
Rabinowitscb  (221)  encountered  avian  bacilli  in  human  lesions. 
According  to  Lowenstein  (158)  avian  tuberculosis  is  more  com- 
mon in  man  than  heretofore  accepted. 

After  reviewing  the  evidence  summarized  above,  it  be- 
comes apparent  that  many  strains  of  avian  bacilli  are  actually 
pathogenic  to  mammals,  but  to  a  considerable  less  extent  than 
the  organisms  associated  with  spontaneous  mammalian  disease. 

With  the  possible  exception  of  swine,  the  danger  to  mam- 
mals from  avian  infection  sources  is  probably  very  slight  and 
negligible.  We  do  not  know,  however,  how  soon  an  avian  or- 
ganism in  a  mammal  may  become  adapted  to  its  new  surround- 
ings and  become  capable  of  producing  mammalian  disease  with 
regularity.  Such  a  possibility  is  indicated  by  the  results  ob- 
tamed  by  Bang  (12)  and  Cadiot,  Qilbert  and  Roger  (42). 

In  view  of  this  possible  source  of  danger,  however  slight, 
it  may  be,  it  is  apparent  that  prudence  demands,  that  fowl 
tuberculosis  be  so  managed  as  to  prevent  its  transmission  to 
other  farm  stock.  < 
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REPORT  OF  FOUR  YEARS*  WORK  OF  THE  NORTH 

DAKOTA  HOLSTEIN  CATTLE 
BREEDING  CIRCUIT 


JNTRODUCTON 


The  North  Dakota  Holstein  Cattle  Breeding  Circuit  was  organized 
under  the  plan  suggested  by  a  committee  of  the  American  Breeders 
Association  which  had  in  charge  plans  for  cooperation  in  animal 
breeding.  A  copy  of  the  report  of  this  committee  will  ba  found  in  the 
Annual  Raport,  Volume  III  published  by  that  association  for  the  year 
1907.  It  is  a  plan  advocated  by  Hon.  W.  M.  Hays  and  was  probably 
presented  to  that  committee  in  major  part  at  least  by  him  las  one  of  its 
raembers. 

The  project  is  designed  primarily  as  a  breeding  study  of  dairy 
'tattle.  It  will  enable  the  investigators  in  charge  of  the  work  to  make 
such  blood  combinations  as  will  determine  which  strains  and  combina- 
tions of  strains  will  constitute  high  producing  families.  It  will  bring 
a  snfficiant  number  of  cattle  of  known  performance  blood  lines  under 
the  control  of  these  investigators  to  enable  them  to  draw  positive  con- 
cluaons  as  to  which  lines  of  heredity  may  be  depended  upon  to  bring 
high  producing  cattle.  It  is  contemplated  that  high  producing  strains 
as  developed  will  be  drawn  together  to  form  a  foundation  for  further 
improvement  and  study  and  that  accumulating  results  may  thus  be 
obtained. 

The  plan  provides  that  the  work  shall  be  carried  out  under  the 
jomt  jurisdiction  of  the  U.  S.  Dept.  of  Agriculture  and  the  State  Ex- 
periment Station,  and  that  each  shall  bear  an  equal  share  of  the 
expense. 

The  plan  further  provides  that  fifteen  to  twenty  farmers  be 
organized  into  an  association  for  the  purxK)se  of  cooperating  in  the 
breeding  of  Holstein  Friesian  cattle. 

The  following  are  the  more  important  things  required  of  the 
farmer  or  breeder  for  membership. 

(1)  Each  member  shall  purchase,  care  for  and  br^ed  at  least 
five  cows  and  one  bull  of  the  Holstein-Friesian  breed  of  cattle  with  a 
degree  of  excellence  satisfactory  to  those  in  charge. 

(2)  That  they  individually  and  collectively  follow  such  deci- 
sions, rales  and  regulations  as  may  be  made  by  the  Council  in  charge. 

The  work  of  the  Circuit  is  directed  by  a  Council  of  three  men 
composed  of  a  representative  of  the  U.  S.  Department  of  Agriculture, 
a  representative  of  the  North  Dakota  Experiment  Station  and  the 
preridant  of  the  North  Dakota  Holstein  Cattle  Breeders'  Association. 
This  Association  is  composed  of  the  members  of  the    Circuit.      The 


Coaacil  is  expected  to  direct  the  work  of  the  Circuit  and  to  provide 
all  rules  and  regulations  necessary  to  th'3  conduct  of  the  same. 

Geo.  M.  Bonunel,  Chief  of  the  Division  of  Animal  Husbandry  of 
the  Bureau  of  Aninual  Industry,  haa  represented  the  U.  S.  Dept  ol 
Agriculture,  the  writers  have  succaMively  represented  the  North 
Dakota  Experiment  Station  and  Mr.  John  Christiansen  has  represent- 
ed the  Breeding  Association,  as  its  president. 


Fig.  1.  Ten  of  tbe  17  charter  members  of  tbe  North  Dakota 
Holsteln  Breeding  Circuit  AsBociatioii.  Beginning  at  the  left 
of  rear  row:  Cbaa.  Kluemas,  Sr,  D.  Schwartlng,  Henry  HoUe, 
Robt  Rush,  Herman  Kroeger.  Front  row:  Wm.  Klusman, 
Wm.  Neas,  John  Christiansen,  Fred  Michaels,  Wm.  Tellman. 

The  plan  also  prondes  for  tha  employment  of  a  field  superinten- 
dent to  act  &8  an  executive  officer  of  the  Council  who  is  required  to 
perform  the  detail  work  in  connection  with  the  project.  Mr.  XJ.  3. 
Downey  with  headquarters  at  New  Salem,  N.  D.,  has  acted  in  this 
capacity  and  has  done  his  work  in  an  acceptable  manner. 

LOCATION  ANT)  ENVIRONMENT  OF  THE  CIBOUIT 

The  North  Dakota  Holstein  Cattle  Breeding  Circuit  Aasociation 
has  its  membership  confined  to  farmers  located  within  a  radins  of 
twelve  miles  from  New  Salem.  The  reason  for  confining  the  member- 
^ip  to  this  immediate  locality  is  that  a  large  number  of  desirable 
members  could  be  secured  there.  There  are  many  advantages  in 
having  the  members  located  near  together.  It  reduces  the  expense  and 
emphasizes  the  community  breeding  plan. 

The  members  accepted  are  not  expert  dairymen  and  do  not  have   | 
the  best  facilities  for  carrying  on  dairy  production  operations  bnt  they 


inve  promise  of  stajnng  in  the  business  and  show  a  dispoBition  to  co- 
operate. It  was  not  anticipated  that  anything  phenomenal  in  the  way 
of  producing  females  wniild  early  be  developed  in  this  Circuit  bat  a 
^ood  class  of  cows  for  the  locality  and  environment  was  expected. 

One  benefit  that  will  come  from  the  organization  is  a  center  of 
supply  of  a  good  class  of  pure  bred  Holstein  cattU  of  a  type  and 
family  better  adapted  for  our  North  Dakota  conditions  than  the 
.-iTerage  pore  bred  brought  into  the  state  from  regions  differing  in 
rlimate  and  environment. 

Another  reason  for  confining  tha  member^ip  of  the  Circuit  to 
the  vicLOity  of  New  Salem  is  the  permanency  dairying  has  acquired  in 
:liat  locality.  The  farmers  have  been  dairying  in  that  vicinity  longer, 
and  have  made  a  greater  success  of  the  business  than  has  been  tlie 
cue  in  any  other  portion  of  the  state. 


Pig.  2.  Group  of  tboBe  tn  charge  of  12  of  the  14  farmi  repre- 
•oitod  in  the  Breeding  Circuit  sammer  of  1912.  Since  the 
Circuit  was  organized  In  1909  ten  of  the  original  membera 
bare  retired  and  one  or  two  of  the  sons  liave  encceeded  their 
tftthers  In  the  management  of  the  farm    in    each    Inetance. 

The  work  has  progressed  well  to  date  considering  the  geographic 
iijcation  of  the  commnnity  in  which  the  work  is  carried  on  and  thi 
General  conditions  surrounding  it.  To  appreciate  the  work  accomp- 
lished, one  must  become  familiar  with  the  New  Salem  region,  its  agri- 
cnltnral  conditions  and  the  character  of  the  farmers  who  an  nwmbers 
"■'  the  Circnit. 

New  Salem,  Morton  County,  North  Dakota,  lies  west  of  the  101 
Dimdian  and  north  of  the  45  parallel.    The  repion  has  a  limited  rain- 
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fall  and  the  conditions  are  not  the  best  for  crop  production.  Th^ 
soil  ie  a  clay  loam  with  a  clay  aubaoil  capable  of  giving  good  yieldii 
when  supplied  with  sufficient  moisture  and  the  topography  is  general- 
Ij  rolling  and  treeless.  In  som«  of  tJie  area  covered  by  the  Circuit, 
considerable  rough  land  suitable  only  for  grazing  ia  found.  Both 
running  and  well  water  of  good  fpiality  are  found  tJiroughont  the 
Circuit. 


of  B 


a  MO 
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This  district  was  first  settled  in  1883  by  Germans  with  little  farm 
^xparience  to  guide  them,  who  found  it  difficult  to  make  much  head- 
way raising  grain.  They  did  not  have  sutEcient  funds  to  make  ^ 
start  in  raising  live  stock.    They  finally  succeeded,  however,  in  «- 
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i|iiiring  some  cows  and  began  to  make  butter.  This  they  found  to  be 
the  suruert  way  of  gaining  a  livelihood  for  the  reason  thai  th  jy  always 
succeeded  in  getting  enough  grass  for  both  p^nre  and  hay  purposes, 
if  not  on  tfieir  own  land,  then  on  the  free  land  adjoining  or  near  at 
I  sad. 

They  found  it  possible  (as  their  knowledge  of  tb3  kind  of  crops 
to  prow  increased)  to  produce  considerable  winter  feed.  The  native 
pastures  are  still  depended  upon  largely  for  summer  feed  and  wild  bay 
m  a  considerable  extent  for  roughage  in  winter.  During  recent  years, 
Iriej-  have  been  successful  in  growing  com  for  forage  and  alos  are 
being  erected  to  preserve  it. 

These  dairymen  continue  to  iirow  -some  wheat  and  other  grains  for 
riiarket  but  do  not  place  heavy  dependence  upon  grain  growing  as  ii 
sitiirce  of  revenue. 

In  order  to  show  the  croppiufr  system  employed  by  the  members 
i(  the  Circuit  and  the  feeds  grown  the  table  on  page  158  has  been 
i'rppared. 

It  will  be  seen  from  this  table  that  great  dependence  is  placed 
lijiin  the  native  grass  for  pasture  and  hay.  Considerable  dependence  is 
also  placed  upon  prairie  hay  for  winter  roughagj.  The  acreage  devot- 
i\  to  millet  and  com,  howevHr,  is  being  increased  from  year  to  year. 

Xone  of  the  tame  graasps  have  been  srrown  to  any  considerable 
ixtent  by  these  farmen^.  Most  oC  the  members  report  successive  trials 
ivith  them  and  poor  results.  Alfalfa  has,  however,  made  a  good  show- 
lae.  This  crop  they  have  begun  to  grow  in  a  small  way  during  the 
•art  few  years.  Alfalfa  will  probably  become  their  chief  hay  crop  in 
the  futnre  and  possibly  it  will  he  used  for  pasture  purposes  as  well. 
A  suitable  pasture  grass  is  a  great  need  in  this  section  of  the  country. 


Fig.  i.  The  herd  of  Kroeger  Bros,  under  InepectloD  during  one 
of  the  annual  summer  picnics  held  by  the  members  of  the 
Breeding  Circuit. 

Prom  the  table  given  above  it  will  be  seen  that  approximately  10 
wres  of  land  is  devoted  to  each  animal  kept  including  young  stock. 
He  fact  that  these  farmers  who  have  each  devoted  from  two  to 
t»ent}-one  years  to  dairying  in  this  community  adhere  to  the  native 


pasture  for  aumnier  feed  for  their  cowe  indieates  to  the  writers  thai 
thiy  still  fiod  the  tame  grasses  uncertain.  However,  it  may  be  thai 
Ihey  use  the  native  paatnrc  because  of  the  large  amount  of  land  whiel 
they  own  and  the  ease  with  which  they  can  rent  pasture  \aiid. 

They  established  creameries  in  tha  early  stage  of  their  experieoct 
in  dairying:  which  enabled  them  to  get  the  most  out  of  th«ir  milt. 
Through  Mr.  R.  F,  Flint's  efforts  as  their  buttermaker  New  Salem 
iireamery  butter  early  actniir^^d  an  enviable  reputation  for  quality 
which  it  Btill  maintains.  The  reputation  of  this  creamery  also  aided 
other  creameries  built  in  this  lonality  to  acquire  similar  reputations. 

The  buildinc  of  the  New  Salem  eream.^ry  waa  followed  by  the 
erection  of  one  at  Youngtown  in  1899,  five  years  after  the  establish- 
ment of  the  one  at  New  Salem.  This  creamery  was  also  vary  success- 
ful from  the  beginning.  Its  suecesa  has  been  due  to  a  large  extent  to 
the  effort  of  O.  M.  Young  the  buttermaker  in  charge  there  for  several 
years.  It  is  also  due  to  his  efforts  that  some  of  its  patrons  as  well  as 
some  of  those  at  New  Sulem  were  induced  to  invest  in  pure  bred 
Ilolstein  cattla  which  In  turn  aided  greatly  in  establishing  the  Breed- 
ing Circuit.  Twelve  bulls  and  about  twenty  females  representing  sonii' 
of  the  best  families,  were  included  in  this  shipment.  They  wer; 
purchased  in  Wisconsin  during  the  summer  of  1905.  These  cattle 
Jorraed  the  nucleus  for  Circuit  work.  The  Youngtown  creamiry  re- 
ceived milk  exclusively,  at  least  until  a  very  recent  date.  It  is  located 
9  miles  northeast  of  Now  Salem  and  it  is  one  of  thi  most  suceessfn' 
creameries  in  the  state.  It  paid  its  patrons  during  the  year  190S, 
!?32,821.58  and  for  1909,  *;i0,412,44.  The  majority  of  the  members  of 
the  Holstein  Breeding  Circuit  deliver  their  milk  to  the  Youngtown 
creamary  and  the  balance  to  the  New  Salem  and  Rosebud  creameries. 


Pigr.  5.    The  farmstead  of  D.  SchwarCIng,  a  member  of  the 
Breeding    Circuit,  with  the  herd  In    the  foreground. 

After  the  two  creameries  mentioned  were  established,  several 
other  successful  ones  were  located  in  Morton  and  Oliver  counties.  The 
following  quotation  from  a  paper  read  by  John  Chriatiansen,  New 
Salem,  Freaident  of  the  North  Dakota  llolslein  Breeding  Circuit,  be- 
fore a  meeting  of  the  North  Dakota  Uve  Stock  Association  in  IW)* 
shows  the  hard  conditions  which  these  Germjiri  aettlers  passed  through: 
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"In  the  spring  of  1883,  the  first  Aveek  in  April,  the  advance  ^ard 
of  a  colony  of  German  settlers  from  Wisconsin,  Indiana  and  Illinois, 
jnostly  from  ax ound  Chicago,  landed  in  Morton  County,  west  of  the 
Missouri  Eiver,  and  located  on  the  prairie  on  the  main  line  of  the 
Northern  Pacific  railroad,  at  that  time  incomplete,  at  what  is  now  the 
village  of  New  Salem,  (the  writer  being  on«  of  the  very  first  ones  and 
iias  been  here  ever  since.)  After  taking  homestead  and  erecting 
shelter  of  the  moat  humble  kind  for  the  people  and  some  kind  of  sheds, 
niostly  dugouts,  and  sod  barns  for  what  little  stock  and  horses  the 
settlers  brought  along,  the  question,  what  shall  we  do  now  to  make  a 
living  in  this  new  and  untried  country,  became  serious.  From  the 
experience  of  others,  we  could  not  learn  anything,  for  there  was  no- 
body here  trying  to  make  a  living  from  farming  when  we  arrived. 
The  prospect  looked  blue,  sure,  although  we  were  shown  a  few  ears  of 
com  at  Mandan,  said  to  be  raised  near  there,  but  hardly  any  broken 
jirairie  was  visible.  We  were  told  in  the  East  of  the  fortunes  made  in 
Dakota  Territory  by  raising  wheat  and  that  we  could  get  rich  quick 
by  raising  wheat  and  then  we  could  go  back  East  and  live  in  fine 
style.  So,  accordin*?ly,  we  went  to  work  and  broke  up  the  prairie, 
very  slowly,  of  course  for  want  of  power  to  pull  the  plow,  but  some 
breaking  was  done,  grain  put  in,  mostly  wheat  and  oats,  and  as  the 
vork  was  naturally  done  poor  and  the  seasons  of  the  late  eighties 
were  dry,  very  little  harvests  were  gathered  for  years.  These  condi- 
tions took  the  courage  out  of  a  great  many  of  the  settlers  and  some 
even  went  away  after  borrowing  all  they  could  on  their  land  ($300  to 
?400  was  all  anyone  could  get  on  a  quarter  section)  and  left  their 
farms  for  other  fields.  A  number  of  us  stayed  and  as  fast  as  we  could 
get  a  hold  of  some  cows  that  could  be  milked,  made  butter  from  the 
inilk  at  home  and  traded  it  in  the  New  Salem  stores  for  the  most 
ueeded  things  for  the  house  and  family.  Cash  was  never  paid  in  those 
Jays  for  butter  and  the  trade  unsatisfactory  to  both  parties.  Chickens 
were  also  kept  a  good  deal  and  eggs  traded  in  the  same  way." 

"Thus  tile  first  years  of  tha  settlement  passed  not  always  in 
plenty,  and  something  had  to  be  done,  or  tried  for  a  more  certain  in- 
come. Feed,  that  is,  natural  pasture  and  prairie  hay,  was  generally 
plenty  and  of  good  quality,  live  stock,  cattle,  horses  and  sheep  had  to 
come  to  our  salvation.  The  establishment  of  a  creamery  was  thought 
of  by  some  of  the  farmers,  who  came  from  the  neighborhood  of  Elgin, 
HL,  to  be  the  only  thing  that  was  certain  of  success  if  milk  enough 
could  be  produced.  Before  any  action  was  taken,  however,  W.  H. 
Mann,  one  of  New  Salem's  old  settlers  and  business  men,  with  a  view 
of  improving  the  grade  of  butter,  started  a  one  horse  power  creamery 
in  the  basement  of  his  dwelling  and  sent  a  team  out  into  the  country 
every  day  to  gather  cream  that  was  mostly  raised  in  long  narrow  cans 
kept  in  water.  This  was  some  iiMproveraent  to  making  butter  at  home, 
but  too  expensive  to  run,  as  not  enough  cream  could  be  had.    Results 
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for  the  fanner  were  not  very  satistaetory,  either  as  no  test  of  any 
kind  was  used.    The  good  cream  was  not  better  paid  for  than  the 
poorest  and  the  first  creameiy  did  not  run  very  long,  but  had  don^ 
enough  to  show  that  cash  could  be  gotten  out  of  the  butter.    Then  a 
movement  was  made  to  get  a  model  creamery  started  in  Naw  Salem  in 
1894.    The  business  men  agreed  to  put  up  the  building,  put  in  the 
machinery,  make  the  butter,  ship  thd  same  furnishing  everything  for 
four  cents  per  pound  for  butter  providing  a  number  of  farmers  would 
agree  to  bring  all  the  rock  needed  gratis  and  bring  all  the  milk  they 
had.  This  was  agreed  to  and  work  was  begun  at  once  and  the  now  fam- 
ouis  New  Salem  creamery  built,  the  first  one  in  the    state  where  only 
whole  milk  was  delivered  and  let  me  tell  you  right  here,it  has  been  run- 
ning  successfully  ever  since,  winter  and  summer  and  has  been  a  great 
benefactor  both  to  the  farmers  and  business  m^n.    A  trip  thorough  the 
country  will  prove  this  by  the  good,  substantial  buildings,  both  houses 
and  bams  and  the  herd  of  contented,  well  cared  for  cattle  than  can 
be  seen  on  every  farm  from  which  milk  is  delivered  to  the  creameries. 
After  the  success  of  this  creamery  was  evident  it  was  only  natural 
that  new  ones  were  established  and  at  present  there  are  seven  cream 
eries  shipping  their  products  from  New  Salem." 

TIME  AND  DETAIL  OP  ORGANIZATON 

The  North  Dakota  Holstein  Cattle  Breeding  Circuit  was  organized 
during  the  year  1908  and  1909  lafter  frequent  visits  by  W.  B.  Richards 
to  New  Salem.  The  members  organized  themselves  into  an  association 
during  the  winter  of  1909  and  elected  their  officers. 

The  following  farmers  constitute  the  charter  members: 

John  Christiansen  &  Sons New  Salem 

Wm.  Neae New  Salem 

Herman  Kroeger    Youngtown 

Herman  Benker Youngtown 

Henry  Holle  Youngtown 

D.   Schwarting Youngtown 

Wm.  Tellman  Rosebud 

Wra.  IQusmann  Youngtown 

Fred  Michaels Youngtown 

Chas.  Klusman,  Sr Youngtown 

Robt.  Rusch    Rosebud 

Moritz  Tausand New  Salem 

Carl  Holle  New  Salem 

Frank  Qaebe  New  Salem 

John  Schultz Glen  Ullin 

0.  Brown  Dickinson 

The  two  last  named  members  were  not  retained  since  they  werj 
not  located  within  easy  reach  of  the  other  members.    All  of  the  other 


numbers  have  been  retained  with  the  exception  of  Henfian  Benker 
•xho  was  dropped  from  the  list  because  of  non-conformity  to  the  rules 
.>f  the  Circuit.  In  many  cases  the  farms  of  the  charter  membera  hav.' 
been  taken  over  by  the  sons,  as  several  of  the  fathers  have  retired 
siuce  the  Circuit  ivas  organized.  This  will  explain  the  changes  in 
□ames  which  appear. 


Several  of  the  members  had  some  pura  bred  Ilolsteia  cattle  before 
the  Circuit  was  established,  obtained  from  the  shipment  made  by  D, 
M.  Yonng  already  mentioned.  These  cattle  ven  accepted  as  a  part  of 
their  required  allotment. 

During  May  of  1909  a  carload  of  females  was  purchased  in  Wis- 
tonsin  to  supply  those  who  had  no  pure  breds  and  to  add  to  the 
number  owned  by  the  other  members  at  the  time  or  organization.  No 
member  owned  more  than  5  pure  bred  females  when  the  work  began; 
some  started  with  only  one,  others  had  two,  and  so  on.  They  all, 
however,  ownid  pure  bred  bulls  which  were  brought  in  with  the  or- 
iginal shipment  before  the  Circuit  was  orfranized  or  were  secured  from 
the  increase  from  that  shipment.  It  will  be  seen  that  an  exception  was 
:aade  to  the  plan  by  accepting  members  with  leaa  than  five  females, 
Conditions  seemed  to  justify  doin^  so. 
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fiadi  member  had  15  to  20  native  or  grade  cows  in  addition  to  the 
pure  bred  ones.  They  have  been  allowed  to  use  the  pure  bred  Holstdin 
bulls  upon  these  native  and  grade  cows.  This  has  resulted  in  the  pro- 
duction of  a  large  number  of  half  and  three-quarter  blood  females  to 
date,  which  are  being  used  to  replace  the  native  cows.  These  grades 
will  be  retained  until  they  are  replaced  by  pure  br ids  from  the  in- 
crease. The  grade  Holsteins  in  the  herds  have  been  a  strong  object 
lesson  in  convincing  the  members  of  the  value  of  good  blood.  The 
sdrplus  grade  heifers  that  could  be  spared  have  been  sought  for  by 
the  fanners  of  the  immediate  locality  and  some  have  been  purchased 
by  buyers  from  the  extreme  western  ))art  of  thts  state. 

Records  have  been  kept  of  the  production  of  the  native  and  grade 
cows  in  the  herds  as  well  as  of  the  pure  breds.  This  has  enabled  in- 
telligent culling  of  tha  natives  and  grades,  and  has  proven  a  means  of 
comparing  the  relative  value  of  the  natives  and  grades  with  the  pure 
breds. 

HOW  THE  WORK  IS  CARRIED  ON 

August  first,  1909  record  keeping  work  in  tha  Circuit  was  begun. 
At  that  time  a  field  superintendent  was  stationed  at  New  Salem,  and 
put  in  charge.  The  first  thing  done  was  to  test  all  the  cows  owned  by 
members  of  the  Circuit  for  tuberculosis.  Fortunately  only  3  or  4 
postive  reactions  were  found  in  herds  retained  in  the  Circuit.  Two 
of  the  reactors  were  pure  bred  battle  which  had  been  shipped  into 
the  herds.  The  results  substantiate  the  claim  that  cattle  under  natural 
conditionB  are  generally  free  from  the  disease  unless  it  is  introduced 
by  infected  cattle. 

On  January  1st,  1910  a  record  of  the  production  of  'each  cow  in 
the  Circnit  was  begun.  This  was  accomplished  in  the  following 
Btanner:  The  members  were  provided  with  milk  record  sheets  and 
scales  and  required  to  weigh  and  to  record  the  weight  of  the  milk  pro- 
cueed  by  each  cow  at  every  milking. 

The  field  superintendent  visits  each  herd  once  a  month  and  tests 
a  sample  of  the  night  and  morning  milk  of  each  cow  for  butter  fat. 
This  test  is  used  as  the  average  for  the  month  in  determining  the  total 
fdt  produced.  The  method  employed  is  similar  to  that  used  by  Cow 
Testing  Associations  and  breed  Associations  in  making  semi-official 
tests.  The  pure  bred  heifers  and  co^s  are  tested  for  the  Advanced 
Registry  when  their  production  seems  to  warrant  it.  They  will  also  be 
tested  for  the  yearly  semi-official  records.  This  is  done  without  ad- 
ditional expense  to  the  members  in  so  far  as  it  is  possible  for  the  field 
superintendent  to  act  as  an  inspector  by  authority  of  the  North  Dakota 
Kxperiroent  Station  which  institution  is  in  charge  of  the  oflBcial  testing 
in  North  Dakota. 


RESULTS  SECURED 

The  profits  as  ahown  in  these  records  ai-e  aa  approximation.  Tht; 
feed  waB  not  -weighed  at  each  feeding  period  but  was  weighed  from 
time  to  time  for  the  purpose  of  obtaining  tbe  basis  for  making  an  esti 
mate.  Tha  figure  covering  the  cost,  however,  will "  be  helpful  as  a 
guide  in  determining  the  price  at  which  butter  fat  eaji  be  produced 
under  Western  North  Dakota  conditions 


The  value  of  the  feed  consumed  by  the  cows  waa  determined  from 
the  average  farm  prices  of  the  feeds  for  the  time  covered  by  thise 
records.    The  schedule  of  prices  used  is  as  follows : 

SCHBDDLB  OF  PRICES  ' 

Pasture  @  $1.00  per  mo.  per  head 

Millet  and  cereal  hay $  6.00  par  1 

Com  stover 8.00     ' ' 

Prairie  hav  8.00 

Bran  22.00 

Oats   22.00 

Silage  3.00 

Straw. free  I 

The  tables  on  pages  115  to  156  give  the  production  of  tbe 
cows  in  each  herd  in  the  Circuit,  the  approximate  cost  of  the  feed  cod-  , 
Bumed  and  the  net  profit  or  loss  made  bv  each  cow  for  the  calendar 
years  1910,  1911,  1912  and  1913. 

The  tables  show  that  the  concentrates  fed  by  all  the  members  diJ 
not  include  more  of  a  variety  than  three  feeds;  viz,  barley,  oats  and  i 
bran.  It  may  also  be  noted  that  bran  was  fed  by  only  three  members  I 
during  the  winter  of  1910,  while  several  fed  no  bran  I 
daring  tbe  wintar  of  1911.    The  roughage  fed,  consisted  of  prairie  hay, 
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corn  stover,  fUx,  straw,  cereal  bay,  millet  hay  and  some  silage  in  a  few 
inataiices.  It  will  be  recalled  frcrm  the  discussion  which  preceded,  that 
the  native  prairia  is  need  almost  exclusively  for  pasture  purposes  and 
that  no  soiling  crops  are  fed.  Considering  the  prominent  place  prairie 
grSES  and  prairie  bay  have  occupied  in  the  rations  of  these  cows,  the 
results  produced  must  be  accredited  largely  to  native  prairie  products 
mi  while  tiie  yields  are  only  moderate  they  indicate  a  high  feeding 
>a]ue  for  both  tbe  hay  and  pasture.  It  is  poor  policy  for  the  circuit 
members  to  rely  whoUy  on  pasture  for  roughagj  during  the  summer 
months.  Tbe  high  price  of  labor  and  a  disposition  to  continue  their 
methods  are  the  principal  reasons  for  their  persisting  in  their  relianc! 
on  native  forage  plants. 


Tig.  g.  Farmstead  of  Chas.  KluBinan,  Sr.  A  new  modemly 
equipped  dairy  bam  has  been  erected  on  tbe  farm  since  this 
view  was  taken,  a  cut  of  wbich  In  shown  on  aaotber  page. 


Taking  into  account  the  mann^^r  iii  which  the  cows  in  these  herds 
were  fed,  the  yearly  records  made  by  some  of  them  are  remarkably 
(food.  Most  of  the  pure  bred  cows  and  the  ones  that  made  the  more 
creditable  records  were  fed  considerably  heavier  grain  rationa  thsD 
were  the  average  cows  of  the  herd.  The  rations  fed  the  best  prodacing 
nowB  in  th  Circuit  were  ranch  lighter  and  poorer  balanced  than  those 
commonly  fed  by  good  dairymen. 

The  highest  record  made  during  1910  by  an  aged  cow  is  credit^ 
to  Countess  Elgin  Belle  Pet  75,254  owned  by  Kroeger  Broa.  consisting 
of  548.01  lbs.  of  butter.  The  best  record  made  by  a  first  calf  heifer  in 
her  2  year  old  form  was  that  of  Beryle  Lilith  Pietertje  112,390  owned 
by  Wm.  Neaa. 


For  the  year  1911  Countess  Elgin  Belle  Pet  75,254  again  headad 
the  list  as  the  iiighest  producer  for  an  aged  cow  making  462.7  lbs.  of 
butter.  She  was  closely  followed  for  second  place  by  Beryle  Libtb 
Pietertje  owned  by  Wm.  Nias  with  a  record  of  409.9  pounds  of  butter. 

Skylark  Ormsby  Hengerveld  DeKol  owned  by  Diet  Sehwartiog 
jiroduced  the  largest  amount  of  butter  for  an  aged  cow  during  1912, 
consisting  of  357.1  pounds.  Dakota  of  Elmwood  owned  by  Chtu. 
Klusman,  Sr.  led  the  two  year  olds  for  1912  with  a  butter  record  ut 
371.1  pounds  defeating  all  oth^r  aged  cows  for  the  year. 

In  1912  Ladi  Benae  Surprise  a  six  year  old  cow  in  the  herd  ol 
Frank  Uaebe  was  the  ranking  cow  with  333.8  pounds  of  butter  fat 
while  Dakota  Jeanette  Kaan  owned  by  Kroeger  Bros,  lid  the  two  year 
old  cows  of  the  Circuit  with  a  record  of  265.6  pounds  of  butter  fat. 

It  should  be  remembered  that  all  these  records  are  for  thi  oil- 
endar  year  and  not  for  the  lactation  period.  For  this  reason,  they  do 
iiot  express  the  maximum  yearly  records  of  the  cows.  The  records 
(luoted  above,  it  will  be  seen,  by  referring  to  the  tabular  statements 
£bow  that  they  did  not  milk  the  full  365  days  as  is  generally  the  em 
when  their  records  are  calculated  for  the  calendar  year. 

The  low  records  of  production  shown  by  some  of  the  cows  in  the 
herds  Wire  due  to  the  short  time  they  were  in  milk  during  the  year.  In 
many  cases  care  was  not  takes  to  breed  the  cons  w  a»  to  avoid  theii 
beiog  dry  for  a  long  period. 


K«feretice  to  thi  tcblea  appearing  on  pages  115  to  154  will 
ndieate  that  many  of  the  cows  classed  as  natives  made  good  records. 
Host  of  these  eowa  were  exceptionally  good  individuala.  The  farmers 
if  the  Circuit  had  practiced  careful  culling  of  their  herds  for  some 
■fsra  before  the  (Jireuit  was  instituted  which  accounts  for  the  finding 
if  natives  with  good  performance  records.  The  fact  that  nearly  all 
ihese  native  cows  were  at  the  age  of  maximum  production  must  alfio 
be  kept  in  mind  in  comparing  their  records  with  those  of  the  pnre 
bndg  and  grades,  since  most  of  the  pure  breda  and  grades  were 
heifers  and  young  cows. 
IXTEBPRETATION  OF  THE  RECORDS  GIVEN  IN  TABULAR 
FORM. 

These  tables  give  the  records  of  individual  cows  for  the  yaars 
mo,  1911, 1912  and  1913. 

The  chief  reason  for  publishing  a  statement  at  this  time  is  to 
r'aee  the  records  given  in  the  appended  tables  in  permanent  anl 
STiilable  form. 

The  hirtorical  statemint  relative  to  the  Circuit  was  made  for  the 
p'-Tpose  of  acinaintin?  the  reader  witJi  the  conditions  under  which  these 
fKorda  were  made.  Sufficient  time  has  not  elapsed  since  the  Circoit 
waa  organized  to  formulate  a  report  of  much  value  on  the  problem  of 
hr^eding,  except  in  a  easnal  way. 

The  environment,  skill  of  the  members,  geographic  location  and 
ilie  feeds  grown  and  fed  must  be  kept  in  mind  to  fully  appreciate  the 
fwordg  made  by  the  cows  in  this  Circuit.  The  records  made  by  the 
FJre  bred  cowb  in  the  circuit  herds  and  by  the  natives  would  indicate 
that  they  must  be  good  cowa  of  their  class  considering  the  manner  in 
ifhieh  they  were  fed.  Tables  have  been  compiled  showing  the  average 
iBionnt  and  kind  of  grain  and  roughage  fed  as  a  daily  ration  to  the 
""tore  cows  in  the  herds  during  the  months  of  January  of  1910  and 
•91!  which  are  typieal  of  the  rations  fed  throughout  each  winter  of 
tie  four  yeara  covered  by  these  records.   A  stady  of  the«e  tables  wliich 
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appear  in  the  appendix,  will  show  that  the  grain  ration  fed  was  ex 
tremely  light  and  not  composed  of  the  best  milk  producing  eon 
ocntratis;  that  clover  and  alfalfa  were  not  fed  and  that  silage  w& 
used  in  only  a  few  of  the  herds  during  1911  and  1912. 

A  COMPARISON  OF  THE  RECORDS  OP  PRODUCTION 

FOR  THE  FOUR  YEARS 

Table  LXI  gives  a  comparison  by  years  of  the  average 
production  of  all  the  herds.  These  tabular  statements  give 
measure  of  results  accomplished  by  each  member  of  the  Circuit  for  th 
icur  years  and  show  whether  their  herds  average  higher  in  productioi 
as  the  years  pass. 

The  cows  of  thi  entire  Circuit  produced  the   following  average 
amounts  of  butter  per  head  at  the  profit  per  cow  noted: — 

Average  butter    Profit  per  cow 


produced. 

Lbs. 

Dollars 

In  3910 

210.2 

30.83 

In  1911 

223.9 

24.31 

In  1912 

214.3 

32.34 

In  1913 

248.3 

33.62 

From  the  above  statement  it  will  be  noted  that  the  cows  havi 
made  an  increase  in  the  yield  of  butter  per  head  during  the  four  year? 
covered  in  this  report  with  the  exception  of  the  year  1912.  In  1912  i 
large  proportionate  number  of  young  cows  in  their  first  period  o 
lactation  ware  included  in  the  Circuit  which  accounts  for  the  lowc 
average  yield  for  that  year.  The  income  per  cow  par  year  is  govern 
in  part  by  the  yield  of  butter  and  in  part  by  the  price  received  on  th 
market.  For  this  reason  the  year  1911  is  the  low  one  in  point  of  monej 
earned  per  cow.  The  average  price  received  for  butter  at  the  Ne\< 
Salem  and  Youngtown  creameri.^s  in  1910  was  thirty-one  cents  and  ii 
1911,  twenty-three  and  a  half  cents  per  pound. 

Just  previous  to  1912  and  during  that  year,  many  native  cowi 
were  replaced  in  the  herds  with  first  calf  heifers.  Tablas  LXI  showi 
that  the  cows  used  in  the  Circuit  average  younger  in  1912  thai 
tliey  did  during  the  previous  two  years.  The  members  of  the  Circuil 
fed  their  cows  better  during  1912  than  during  1910  and  1911,  but  man 
of  the  cows  Hid  not  yield  as  well  as  they  did  during  the  previous  tw 
years.  The  lack  of  good  feeding,  especially  during  the  summer  o 
1910  and  191],  which  were  extremely  dry  short  pasture  seasons  reacte 
on  the  production  of  the  cows  during  the  year  1912.  This  as  well 
the  difference  in  the  ajjes  of  the  cow^  probably  accounts  for  the  re| 
duction  m  the  yields  for  1912, 


cow  PLACED  IN  THE  ADVANCED  REGISTRY 

An  effort  has  been  made  to  teat  as  many  of  the  heifers  in  the 
1,'ireuit  as  possible  for  the  Advanced  Registry.  In  table  LXII  will 
br-  found  a  list  of  the  heifers  '?hi<ih  were  tested  for  the  Advanced 
lEegistry  prior  to  August  Ist,  1913.  The  tabular  statement  gives  theii" 
breeding,  their  recgrdB,  etc.  It  will  be  noted  that  the  records  made  are 
not  large.  Most  of  the  heifijrs  would  have  done  better  if  they  had 
bten  given  good  care  and  larger  and  better  balanced  rations  durinij 
w.e  test  period.  Up  to  date  those  in  charge  have  been  unabld  to  get 
the  Circuit  members  to  appreciate  the  necessity  of  preparing  their 
(leif  ;ra  before  calving  and  of  feeding  them  liberal  and  balanced  rations 
v.hile  nnder  test. 

Too  few  teifers  have  thus  far  been  tested  to  indicate  that  any  one 
i,\:ll  is  proving  better  than  another  as  a  sire  of  high  producing  females. 

THE  HERD  BULL  IN  USE 

Tabls  LXIII         includes  a  list  of  the  herd  balls  used  in  the 

4  ireuit  during  the  year  191!J.  An  investigation  of  the  bri'sding  of 
:n?se  bnUs  indicates  that  they  have  what  is  called  fairly  good  breeding. 
They  have  been  selected  more  on  the  basis  of  their  performance  than 
ipon  their  breeding.  The  aim  has  been  to  combine  merit  and  breeding 
;:i  the  selection  of  the  bulls,  in  so  far  as  the  money  available  would 
v.iirrant.  Those  in  charge  have  been  unable  to  get  the  cooperating 
tiirraers  to  invest  to  exceed  $200  in  a  bull.  This  has  placed  eonsider- 
.ihl?  restriction  from  tlie  standpoint  of  breeding  upon  the  results  thai 
uught  be  accomplished.  A  failnre  to  get  members  to  conform  to  all 
the  reqairementB  may  be  noted  as  one  of  the  difficulties  in  the  work  of 
I  <-ooperative  live  stock  brciiding  circuit. 


Fig.  12.  A  group  of  one  half  and  three  quarter  blood  belter 
calrea  on  ttae  fann  of  one  ot  th^  membere.  Note  most  of  ttiem 
show  cbaracterlHtlCB  Holstein  markings. 


Fig.  13.  A  moderD  equipped  dairy  barn  nearing  the  stage  ot 
completion  on  the  farm  ot  Chas.  Klusman,  Sr.  being  inspected 
by  the  members  of  the  New  Salem  Ccmmerclal  Club  under  the 
direction  ot  field  aitperlntendent  U.  J.  Downey.  Tbe  man^e- 
ment  of  the  Circuit  assisted  the  owner  in  planning  this  bam. 


Some  of  the  bulls  used  have  proved  to  be  very  much  better  sires 
than  others.  The  older  bulls  in  use  at  the  presant  time  have  been  re- 
tHined  because  they  have  shown  special  merit.  It  has  not  been  possible 
to  keep  some  promising  bulls  in  the  Circuit  bicause  they  were  vicious 
and  the  members  objected  td  handlini;  them.  To  get  the  bulls  properly 
handled  and  eared  for  is  one  of  the  greatest  difficulties  to  b^  snr 
mounted. 


THE  SALE  OF  SURPLUS  STOCK 

The  demaod  for  the  surplus  pure  bred  Holstein  cattle  which  have 
>eeii  raised  in  the  Circuit  as  wall  as  for  the  grades  has  been  marked. 
so  pure  bred  Holstein  heifers  have  been  sold  outside  of  the  Circuit,  as 
bev  have  all  been  needed  to  replace  the  natives  and  grades  in  the 
lerda  of  the  merahera.  The  pure  bred  Holstein  bulls  which  have  not 
ippn  needed  in  the  Circuit  have  been  readily  sold  each  year.  The 
'irenit  has  had  30  to  25  bulls  to  dispose  of  annually  and  they  have 
Tongtt  $100  to  $150  apiece  when  six  to  eighteen  months  old.  Most  of 
he  sales  have  been  made  through  the  officers  of  the  Circuit  or  by  the 
?ield  SnperintendeDt.  The  fact  that  the  Federal  and  State  authorities 
tre  helping  to  direct  the  work  of  th^  Circuit  gives  the  public  confi- 
Jence  in  the  merit  and  reliability  of  what  is  offered  for  sale  from  the 
^irenit.  Many  of  the  bulls  have  been  taken  by  farmers  in  the  im- 
3).'diate  vicinity  of  the  breeding  circuit.  The  bulla  sold  outside  of  the 
?ircQit  have  been  shipped  to  widely  scattered  points  in  the  state. 

There  has  been  a  keen  demand  for  the  surplus  grade  heifers  and 
toT9  which  have  sold  at  remunerative  prices.  The  demand  has  far 
ET.ceeded  the  supply  for  this  class  of  stock  in  this  state  during  the  past 
Efw  years.  The  prices  which  the  buyers  have  been  willing  to  pay 
wake  the  raising  of  good  grade  dairy  cows  a  profitable  business. 


Fig.  ]5.  Scene  at  the  Annual  Summer  Picnic  of  tbe  Breeding 
Circuit  1912.  Tbese  picnics  and  other  meetlnKs  beld  under 
the  Hiuplcee  of  the  Circuit  have  done  much  to  educate  the 
memtwrs  and  to  promote  cooperatlrn  and  interest  In  the  work 
of  the  Circuit  and  In  dairying;. 

ASSISTlN'n  THE  JMEimERS 

Every  effort  possible  has  been  made  to  assist  the  members  of  the 
'.ircuit  to  obtain  better  results  with  their  herds.     The  Keld  Superin- 
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tendent  is  available  at  all  times  to  furnish  them  with  information  re- 
garding the  care  and  management  of  their  cattle.  Two  meetings  have 
been  held  each  year  for  the  purpose  of  educating  and  arousing  interest 
in  the  members  along  the  line  of  better  dairy  methods  and  practices] 
The  best  speakers  obtainable  in  the  state  have  appeared  on  the  pro^ 
gram  of  these  meetings.  A  club  has  bean  organized,  composed  largel}^ 
of  Circuit  members  which  has  held  meetings  once  a  month.  The  club 
members  discuss  questions  relating  to  the  raising  and  feeding  of  dairy 
cattle. 

Five  of  the  members  of  the  Circuit  erected  dlos  in  IQll.  Thesfi 
were  the  first  silos  built  in  the  community.  Other  silos  are  being 
erectad  a«  a  result  of  this  demonstration.  Those  who  have  built  silos 
are  well  satisfied  with  the  results  obtained. 

During  the  summer  of  1913  several  of  the  members  were  induced 
to  erect  new  bams  or  to  remodel  their  old  ones  and  equip  them  with 
cement  floors  and  sanitary  stalls. 

The  members  are  assisted  in  the  registration  of  their  pura  bred 
cattle  and  find  it  a  great  advantage  to  have  a  market  thus  supplied. 
They  also  appreciate  the  fact  that  sales  are  mada  much  more  readily 
where  a  large  number  are  keeping  the  same  breed  of  stock  as  is  the 
case  in  this  community. 

DIFFICULTIES  MET  WITH 

While  th3  results  secured  in  the  circuit  have  been  commensurate 
to  the  money  expended  in  the  work,  they  have  not  been  as  great  as  one 
might  expect  from  the  plan  under  which  the  work  is  organized.  In 
any  cooperative;  work  the  type  and  magnitude  of  the  results  obtained 
depend  largely  upon  the  material  one  has  to  work  with. 

With  the  class  of  housing  and  feeding  which  the  hard  owners  o^ 
the  Circuit  have  practiced  it  is  impossible  to  obtain  high  class  milking 
records  no  matter  what  blood  lines  are  used  nor  what  types  of  cows 
the  herds  contain.  A  lack  of  capital  on  the  part  of  the  members  is  sui, 
item  which  must  be  taken  into  consideration. 

Difficulties  arise  that  might  be  met  with  in  any  cooperative 
organization.  Ther^  is  a  tendency  on  the  part  of  the  fanners  to  resent 
being  dictated  to  concerning  the  care  and  disposition  of  their  stocks 
It  is  in  some  cases  hard  to  sret  them  to  follow  instructions.  It  was  with 
considerable  difficulty  that  they  were  induced  to  buy  the  bulls  recom- 
laended  although  those  selected  were  within  the  range  of  prices  which 
Ihey  were  willing  to  pay.  Some  trouble  was  experienced  in  getting 
them  to  dispose  of  undesirable  bulls.  Aside  from  these  the  chief  diff^ 
iculty  has  b^en  to  get  the  members  to  appreciate  the  value  of  good  car« 
and  to  give  their  cattle  the  attention  required  for  best  results.  The 
Fhorteoniing  encountered  in  this  respect  can  readily  be  ^een  from  thd 
discussion  in  the  preceding  pages. 
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TABLE  XVI  SHOWING  THE  AVERAGE  DAILY  RATION  FED  TO 
THE  COWS  IN  THE  CIRCUIT  DURING  THE  MONTH  OF 

JANUARY  1910. 
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TABLE  XXXII  SHOWING  THE  AVERAGE  DAILY  RATI6M  FED 
TO  THE  COWS  IN  THE  CIRCUIT  DURING  THE 
MONTH  OF  JANUARY  1911. 
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TABLE  XLVII  SHOWING  THE  AVERAGE  DAILY 
RATION  FED  TO  THE  COWS  IN  THE  CIRCUIT  DURING 
THE  MONTH  OF  JANUARY  1912. 
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TABLE  LX  SHOWING  THE  AVERAGE  DAILY  RATION 
FED  TO  THE  COWS  IN  THE  CIRCUIT  DURING  THE 

MONTH  OF  JANUARY  1913 


Owner  of  Herd 


Chas.  Micheals    . . 
Chas.  Klusman,  Sr. 

Wm.Tellman 

Jno.  Christiansen . 

Frank  Gaebe 

George  HoUe 

DietSchwarting. . 

Kroeger  Bros 

Jno.  Klusmann 

Henry  W.  HoUe . . . 
Wm.  Neas 


12.32 

6.12 

1  18.05 

16.12 

9.67 

12.90 

19.36 

9.67 

2.07 

12.90 

14.83 

14.83 

6.48 

30.00 

19.36 

9.67 

9.67 

35.00 

19.36 

9.67 

12.90 

18.52 

9.67 

6.64 

12.32 

4.76 

36.00 

19.36 

9.67 

4.83 

12.90 

14.00 

8.00 

8.91 

38.70 

22.58 

6.45 

3.22 

35.48 

4.51 
3.12 


6.41 


TABLE  LXI  SHOWING  A  COMPARISON  OF  THE  AVERAGE  OF  THE 
RESULTS  PER  COW  PRODUCED  BY  ALL  THE  HERDS  IN  THE 
CIRCUIT  FOR  THE  YEARS  1910,  1911,  1912  AND  1913. 


Year 

Average  age 
of  cows 

Milk    yield 

Average 
Test 

Fat 

Butter 

Value  of 
Fat 

Cost   of 
Feed 

Profit 

yrs. 

lbs. 

pr  ct. 

lbs. 

lbs. 

dols. 

dols. 

dols. 

1910 

6.8 
6.6 
5.5 
5.3 

4634.9 
5106.2 
6031.2 
6778.3 

3.89 
3.76 
3.69 
3.57 

180.3 
191.8 
183.6 
207.4 

210.2 
223.9 
214.3 
248.3 

60.24 
52.85 
58.38 
67.78 

29.46 
29.00 
26.08 
34.76 

30   83 

1911 

1912 

24.31 
32   34 

1913 

33   62 

Average 

5.5 

6137.6 

3.72 

190.7 

224.1 

59.81 

29.82 

30.21 
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INTRODUCTION 


The  successful  farming  of  the  areas  of  low  rainfall  in  North 
Dakota  is  vital  to  the  future  development  of  the  state.  Approxi- 
mately three-fifths  of  the  state  Ues  west  of  the  hundredth  meridian 
and  has  a  normal  annual  raiii^all  of  sixteen  inches  or  less.  In  this 
area  there  is  much  fertile  soil  that  is  potentially  fitted  for  agnricul- 
toral  purposes  which  should  sustain  a  large  population.  During 
the  period  of  settlement  of  this  region,  methods  of  farming  were 
follawed  which  were  unsuccessful  and  unprofitable,  with  the  result 
that  many  sections  are  regarded  as  more  or  less  hazardous  for 
cropping. 

It  is  the  plan  of  the  Experiment  Station  through  investigations 
at  the  Sub-Stations,  its  Soil  Survey,  and  the  Demonstration  Farms, 
to  gather  information  which  will  enable  it  to  map  the  State  of 
North  Dakota  into  regions  and  to  state  what  crops,  crop  sequence, 
tiDage  methods  and  methods  of  farm  management  are  adapted  to 
each  region.  The  purpose  of  the  investigations  reported  in  this 
bulletin  has  been  to  determine  the  best  methods  of  soil  cultivation 
and  crop  rotation  for  the  conservation  of  moisture  and  maintenance 
of  humus  in  the  soils  of  the  Great  Plains  area. 

The  investigations  presented  give  part  of  the  results  of  the 
work  that  has  been  performed  in  North  Dakota.     In  1906  the 
Office  of  Dry  Land  Agriculture,  U.  S.  Department  of  Agriculture, 
began  a  series  of  cooperative  trials  throughout  the  Great  Plains 
area.    Due  to  the  fact  that  North  Dakota    possessed    four    well 
equipped  sub-stations  favorably  located  for  this  work,  arrange- 
ments were  made  to  carry  on  cooperative  work  with  them.    J.  H. 
Shepperd,  Agriculturist  of  the  North  Dakota  Experiment  Station, 
in  omference  with  E.  C.  Chilcott  of  the  U.  S.  Department  of  Agri- 
culture, planned  the  trials  and  experiments  which  shoidd  be  carried 
out  and  directed  them.    These  trials  were  based  largely  upon  meth- 
ods of  cropping  and  tillafire  suggested  as  important  to  the  region. 
The  Agents  of  the  U.  S.  Departoient  of  Agriculture  and  the  Super- 
mtendents  of  the  Sub-Stations  have  carried  out  the  work  aiid  re- 
corded the  data. 

THOMAS  COOPER,   Director. 


DRY  FARMING  INVESTIGATIONS  IN 
NORTH  DAKOTA 


North  Dakota  is  essentially  a  dry  farming  State.  Practically 
five-sixths  of  its  total  area  receives  an  average  annual  rainfall  of 
less  than  twenty  inches.  (See  Figure  1.)  While  this  portion  of  the 
State  is  better  adapted  to  grain  raising  than  most  of  the  Great 
Plains,  conditions  are  sufficiently  adverse  to  require  the  best  dry 
farming  methods  for  successful  returns. 


Fig.  1. — Hap  of  North  Dakota  showing  grapblcaUy  the  arerage  an- 
nual ralafaU  distribution.  The  flgurea  vlthls  the  circlea  represent  approx- 
imately tbe  average  annual  rainfall  In  Inches  at  polnta  where  ten  or  more 
years'  records  have  been  aTallable. 

The  Office  of  Dry  Land  Agriculture,  United  States  Depart- 
ment of  Agriculture,  cooperating  with  the  State  Experiment  Sta- 
tion, is  conducting  a  series  of  rotation  and  tillage  experiments  at 
four  substations  in  the  State,  namely,  Edgeley,  Dickinson,  Willis- 
ton  and  Hettinger.  The  purpose  of  these  experiments  is  to  get 
a  better  understanding  of  the  fundamental  principles  involved  in 
the  production  of  crops  under  semi-arid  conditions.  The  results 
thus  far  obtained  have  confirmed  some  ideas  concerning  dry-land 
crop  production,  while  others  have  apparently  been  upset 

The  data  presented  in  this  bulletin  include  weather  records, 
a  brief  mention  of  the  relation  of  soil  moisture  storage  and  re- 
duction to  crop  production,  and  some  of  the  results  thus  far  ob- 
tained from  the  rotation  and  tillage  experiments.    The  nomber  of 


seasons  furnishing  data  varies  with  the  station.  At  Edgeley  the 
work  was  Detpm  U)  in  1906,  at  Dickinson  in  lii07,  at  Wiiiiston  in 
1909,  and  at  Hettinger  in  1910.  Because  of  the  uniform  treatment 
01  me  lana  preceding  tne  lirst  years  crop  ,tJie  Urst  years  yields 
liave  not  Deen  used  m  tms  bulietm. 

The  land  on  which  these  experiments  are  conducted  at  each 
station  is  as  uniform  as  could  be  secured,  i  ne  same  general  type 
01  sou  prevails  at  tnree  of  the  stations:  Wiiiiston,  Dicionson  amu 
uettmger,  wiule  at  iiiogeiey  the  texture  is  neavier  with  a  subsoil 
01  undecomposed  snaie  ^2)  which  m  places  is  not  more  than  eight- 
teen  mches  below  tbe  surface.  The  experiment  neids  are  divided 
into  one-tenth  acre  plats  which  are  so  arranged  as  to  compare  tne 
ditferent  rotation  and  tillage  methods. 

The  management  of  the  plats  is  essentially  the  same  at  all 
stations,  but  due  attention  is  given  local  problems  and  practices 
of  the  locahty  surrounding  the  station.  1  he  method  of  work 
adopted  was  that  of  raising  the  standard  crops  of  each  section  both 
in  rotations  and  by  different  methods  of  preparation  under  syst^ns 
of  continuous  cropping.  In  no  case  have  rotations  requiring  more 
than  six  years  been  used.  Those  of  even  this  length  have  been  tried 
only  when  tame  grass  crops  have  been  included.  More  of  tiie  work 
has  been  done  with  three  and  four-year  rotations. 

The  more  important  climatic  conditions  are  recorded  daily  and 
their  effect  upon  crop  growth  is  noted.  The  amount  of  soil  mois- 
ture available  at  different  times  during  the  season  is  carefully  de- 
tennined  and  recorded. 

PRECIPITATION 

The  amount  of  rain  that  must  fall  during  a  given  season  to 
insure  a  good  crop  is  dependent  chiefly  upon  its  character  and  dis- 
tribution. E.  C.  Chilcott,  (3)  referring  to  rainfall  conditions  in 
the  Great  Plains,  says,  'It  is  not  an  unusual  occurrence  to  have  a 
single  downpour  of  rain  which  exceeds  in  amount  the  normal  pre- 
cipitation for  the  month  in  which  it  occurs.  These  torrential  rains 
frequently  come  with  such  force  as  to  puddle  the  soil  surface,  thus 
paking  it  impervious  to  water  and  resulting  in  the  utilization  of 
but  a  small  percentage  of  the  precipitation.  On  the  other  hand, 
showers  of  less  than  half  an  inch  do  very  little  good,  as  the  water 
generally  evaporates  from  the  surface  without  penetrating  suffl- 
ooitly  to  be  of  any  use  to  the  growing  plants  or  to  add  to  the  water 
being  stored  in  the  soiL"    What  has  here  been  said  concerning  the 


1.  New  rotations  were  added  at  Edgeley  In  1907  and  1908.     Some 
VM  alao  dnpUcated  in  1908. 

2.  Thii  condition  is  typical  of  a  narrow  strip  of  territory  extending 
from  Edgeley  to  the  South  DakoU  line. 

•#  *  J-    ^^^"^  Misconceptions  Concerning  Dry  Farming,  U.  8.  Department 
n  Agriculture  Yearbook,  pp.  247-266,  1911. 
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irregularitieB  of  rainfall  in  the  Great  Plains  will  apply  to  the  plain 
r^on  of  North  Dakota. 

The  rainfall  data  are  presented  in  such  form  as  to  show 
monthly,  seasonal  and  anniutl  distribution.  The  periods  cov< 
each  station  by  these  data  are  considerably  longer  than  the 
of  experimentation.    For  instance,  the  Williston  records 
far  biack  as  1879,  while  the  experiments  under  die 
been  conducted  only  since  1908.    The  Dickinson  records  | 
1892.    Up  to  1906  they  were  kept  in  the  city.    Since  that 
have  been  kept  at  the  sub-station.    The  Edgeley  records 
tend  back  to  1901  only.    In  order  to  obtain  average 
for  the  Edgeley  locality  that  would  cover  a  period  long 
establish  a  fairly  fixed  normal,  an  average  covering  the 
1900  was  constructed  from  the  records  of  three  nearb^^ 
Bureau  stations:  Jamestown,  Ashley  and  Berlin.    The  ' 
data  has  been  taken  mostly  from  the  records  of  New 
Weather  Bureau  station  thirty  miles  northwest.    SincjS 
records  were  kept  at  Hettinger.    All  rainfall  data  up  to  flia 
ning  of  the  experiments  at  each  station  have  been  talcei 
Weather  Bureau  Records  (1). 

In  Figure  2  is  presented  a  chart  showing  the  monthly 
bution  of  rainfall  at  Williston,  Dickinson,  Edgeley  and 
It  will  be  observed  that  the  greatest  amount  of  rsdnfall 
ing  the  summer  months  and  the  least  during  the  wintec. 
highest  average  for  any  one  month  is  shown  for  June, 
uniformly  true  for  the  entire  State.    At  three    of    the 
Williston,  Dickinson  and  Hettinger,  May  ranks  next  to 
amount.    While  at  Edgeley  July  comes  next  to  June  in 
spect.    In  the  western  half  of  the  State,  May  usucdly  haa 
average  than  July.    In  the  eastern  half  the  reverse*  ia 
the  case.    Hence  Edgeley's  May  average  is  not  out  of  aoeoxC: 
that  of  other  points  in  that  part  of  the  State.    The    rainjEsE' 
usually  been  slightly  heavier  during  the  fall  months  than 
the  spring  months. 

Figures  3,  4,  5  and  6  show  the  annual  and  seasonal 
at  each  station.      The  upright  columns  represent  the  seasonal.; 
and  total  precipitation  for  each  year,  and  the  heavier  lines 
ning  horizontally  through  these  colunms  represent    the    i 
annual  and  average  seasonal  rainfalls.    It  will  be  observed 
study  of  these  charts  that  the  rainfall  for  1910  and  1911  watf 
normally  low  for  all  stations.    This  explains  the  very  low  a 
yields  obtained  during  those  years.    (See  Table  IV.) 


1.  Preyloiui  to  the  taking  up  of  the  obgenrations  at  WiUlston  U 
1898  by  the  Weather  Bureau,  the  records  had  been  kept  at  FOrt  Buford  bi 
the  Signal  Service  Corps. 

2.  Includes  rainfaU  from  April  Ist  to  July  Slst. 


Fipm  t.    Cbart  Bbowlsg  montltljr  dlstxlbutloa  of  ralntall  at  each  sulMUUon. 
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Studying  the  precipitation  of  the  years  during  which  the  ex- 
periments were  conducted  at  the  different  stations,  it  may  be  said 
that  the  rainfall  conditions  for  those  periods  have  averaged  ap- 
proximately normal.  That  is,  there  have  been  about  as  many  sea- 
sons when  precipitation  was  above  the  normal  as  there  have  when 
it  was  below. 

The  relation  between  seasonal  precipitation  and  crop  produc- 
tion is  brought  out  rather  strikingly  in  Figure  7.  This  chart  is  a 
graphic  comparison  of  the  average  annual  yields  of  barley,  oats 
and  wheat  with  the  seasonal  and  annual  rainfall.  At  both  Edgelej* 
and  Williston  it  will  be  observed  that  the  relation  is  quite  close  for 
all  crops.  An  exception  at  Edgeley  in  the  case  of  wheal;  occurred 
in  1914.    This  is  explained  by  the  fact  that  rust  affected  that  crop 
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vety  severely  that  season.  At  Dickinson  there  was  a  close  relation 
between  precipitation  and  crop  yields  from  1908  to  1911.  In  1912 
the  crops  were  all  destroyed  by  a  hail  storm  and  the  land  left  in 
a  more  or  less  fallow  condition.  Hence  1913  yields  are  perhaps 
higher  than  would  have  been  the  case  had  the  1912  crop  been  ma- 
tured. In  1914  at  Dickinson  the  total  seasonal  rainfidl  was  the 
highest  for  any  year  recorded.  In  spite  of  this  fact  the  crop  yields 
were  considerably  below  normal.  This  is  explained  by  the  occur- 
rence of  a  period  of  drought  from  the  latter  part  of  June  to  the 
kitter  part  of  July.  A  hail  storm  before  the  wheat  and  oats  were 
harvested  also  affected  the  yields  of  those  crops  somewhat.  At 
Hettinger,  it  will  be  noted,  the  relation  is  negative.  This  is  due 
to  unfavorable  distribution  of  the  rainfall  rather  than  to  Its  total 
amount. 

It  may  be  observed  further  that  the  seasonal  precipitation 
bears  a  closer  relation  to  crop  production  than  does  the  annual 
precipitation. 

Taken  as  a  whole,  Figure  7  indicates  that  the  experiments 
here  reported  have  been  conducted  under  conditions  where  sea- 
sonal precipitation  is  the  most  important  factor  influencing  the 
production  of  small-grain  crops. 

EVAPORATION 

Next  to  rainfall,  evaporation  is  probably  the  most  important 
climatic  factor  affecting  crop  production.  The  chief  effects  pro- 
duced by  it  are  reduction  of  soil  moisture,  acceleration  of  plant 
transi»ration,  and  a  consequent  reduction  of  efficiency  of  rain- 
fall. Evaporation  is  dependent  mainly  upon  three  factors,  namdy, 
temperature,  amount  of  moisture  in  the  air  and  wind  velocity.  Of 
these,  temperature  and  the  moisture  condition  of  the  air  without 
doubt  haVe  the  most  influence.  A  rather  striking  example  of  this 
fact  is  prescdited  in  Figure  8.  This  chart,  constructed  from  Willis- 
ton  data,  shows  the  relation  of  temperature,  saturation  deficit  (ex- 
pression of  the  relative  dryness  of  the  air,)  and  wind  vdocity  to 
evaporation.  The  effect  of  wind  has  not  been  wholly  determined, 
but  from  a  study  of  the  chart  it  is  apparent  that  Evaporation  in- 
creases and  decreases  with  the  rise  and  fall  of  the'  temperature, 
and  mversely  with  the  increase  and  decrease  of  the  humidity  of 
the  air. 

The  data  presented  in  Table  No.  I  represents  evaporation  from 
a  freely  exposed  water  surface  and  should  not  be  considered  the 
same  as  evaporation  from  the  soil.  It  does,  however,  furnish  an 
index  to  factors  which  affect  evaporation  from  the  soil.  As  is 
shown  in  the  table,  evaporation  varies  somewhat  with  the  location 
of  the  station.  It  will  be  observed  that  Hettinger  snows  the 
gmtest  seasonal  evaporation,  Edgeley  the  least,  while  Williston 
and  Dicldnaon  are  intermediate. 
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TABLE  I.— AVERAGED  MONTHLY  AND  TOTAL  SEASONAL  EVAPORATION 
FROM  A  FREELY  EXPOSED  WATER  SURFACE,    ^x  i  Ik 


Station 


No.   of 

Years 

Records 


Edgeley 
Dickinson 
wmiflton 
Hettinger 


T 
7 
4 
8 


LENGTH  OF  FROST-FREE  PERIOD. 

The  length  of  the  growing  season  of  any  region  determines 
to  a  large  extent  what  crops  and  what  varieties  of  a  particular  crop 
may  be  grown.  The  period  between  the  last  killing  frost  (1)  in 
the  spring  and  the  first  in  the  fall  is  usually  identical  with  the 
growing  season.  In  the  pjains  region  of  North  Dakota  the  short- 
ness of  the  growing  season  is  emphasized  by  the  difficulty  often 
encountered  in  the  successful  production  of  flax,  com,  potatoes  or 
garden  crops.  These  crops  may  be  injured  by  low  temperatures 
at  either  or  both  ends  of  the  season.  It  is,  therefore,  evident  that 
some  knowledge  of  the  frost  free  period  is  important. 

A  chart  showing  the  "Length  of  Frost  Free  Periods"  at  the 
four  substations  is  given  in  Figure  9.  The  horizontal  rectangl^^ 
showing  the  number  of  days  represent  the  frost  free  periods,  while 
the  vertical  lines  show  the  average  dates  of  the  last  killing  frost 
in  the  spring  and  the  first  in  the  fall.  The  Edgeley  frost  free  sea- 
son averages  129  days  and  is  the  longest.  Following  is  Williston 
with  an  average  frost  free  period  of  119  dayg ;  Dickinson  with  an 
average  of  110  days,  while  Hettinger  with  its  very  short  record 
has  an  average  of  only  100  days.  The  Hettinger  average  is  low  and 
no  doabt  additional  data  will  raise  it  somewhat.  Meanwhile  data 
representative  of  that  general  area  are  available  from  Dickinson 
records. 

The  chart  is  especially  valuable  in  that  it  shows  about  what 
lengtii  of  season  may  be  expected  for  the  production  of  crops  that 
are  likely  to  be  affected  by  frost.  The  average  date  of  the  last 
killing  frost  in  the  spring  crives  a  pretty  good  measure  of  the  earl- 
iest period  in  the  season  that  such  crops  should  appear  above  the 
ground.  The  average  date  of  the  first  fall  frost  may  indicate 
whetiiCT  early  or  late  varieties  of  such  crops  should  be  grown. 


1.     A  kiUing  frost  as  referred  to  in  this  publication  means  one  that 
will  nsually  do  material  injury  to  such  crops  as  corn,  potatoes,  or  flax. 


Figure  9.    Cbart  abowlng  length    ot  frost  tree  period  at  each  fmb-statlon. 
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30IL  MOISTUREl 

A  deficiency  of  soil  moisture  is  the  distinguishing  feature  of 
farming  under  arid  or  semi-arid  conditions.  It  is  but  logical  then 
that  along  with  dry  land  rotation  experiments  a  study  of  the  soil 
moisture  itself  should  be  undertaken.  At  alj  stations,  laboratories 
are  equipped  for  carrying  on  such  studies.  Thousands  of  soil 
moisture  determinations,  which  throw  considerable  light  on  the 
efficiency  of  different  practices,  have  been  made  in  connection  with 
tillage  experiments. 

It  is  not  our  purpose  to  enter  into  any  detailed  discussion  of 
soil  moisture  at  this  time.  However,  the  extensive  work  along  this 
line  being  carried  on  throughout  the  Great  Plains  Area  by  the 
Office  of  Dry  Land  Agriculture  and  the  Office  of  Biophysical  In- 
vestigations has  established  some  general  principles,  a  number  of 
which  will  here  be  touched  upon.  Papers  dealing  with  soil  moist- 
ure in  a  more  comprehensive  way  are  being  prepared. 

Differences  of  opinion  with  regard  to  various  systems  of  dry 
farming  are  largely  due  to  the  imperfect  understanding  of  the 
principles  governing  the  storage,  movement  and  use  of  the  water 
in  the  soils.  It  is  first  necessary  to  know  the  how,  the  why  and  the 
wherefore  and  then  to  be  able  to  adapt  this  knowledge  to  chang'3- 
able  farm  conditions.  Farm  practices  affecting  soil  water  must  be 
varied  to  suit  conditions.  The  subject  will  here  be  discussed  from 
the  standpoint  of  storage  and  reduction. 

STORAGE  OF  SOIL  MOISTURE— Under  average  conditions 
on  western  North  Dakota  upland  soil,  all  soil  water  must  be  sup- 
plied by  rains  or  snow  falling  upon  the  surface.  There  is  no  un- 
derground supply  such  as  a  water  table,  close  to  the  surface  as  is 
commonly  found  in  more  humid  sections.  This  dry  subsoil  is  an 
important  difference  distinguishing  our  soils  from  eastern  soils 
and,  as  we  shall  see  later,  it  is  a  characteristic  the  understanding 
of  which  may  change  many  theories  that  have  been  held  on  dry 
farming  methods.  When  rain  falls  upon  the  soil,  more  or  less  of 
the  water  is  lost  by  runoff,  the  amount  thus  lost  depending  upon 
the  kind  of  soil,  slope  of  the  land,  the  presence  or  absence  of  vege- 
tation, the  condition  of  the  upper  layer  of  the  soil  and  the  char- 
acter of  the  rain.  The  advocates  of  deep  tillage  and  plowing  to  the 
depth  of  a  foot  to  sixteen  inches  argue  that  the  deep  stirring  and 
loosening  of  the  soil  creates  a  greater  ability  to  store  water.  At 
none  of  the  stations  in  the  Great  Plains  have  these  claims  been 
justified  by  the  results  of  experiments.  The  writers  believe  that 
plowing  deeper  than  necessary  to  do  good  work  and  to  create  .i 
good  seedbed  is  not  an  economical  or  paying  practice.  However, 
they  do  not  wish  the  above  to  be  construed  as  an  argument  for 
mere  skinning  of  the  land. 

The  character  of  the  rain  influences  the  amount  of  water  taken 
up  by  the  soil.  Light  showers  which  do  not  wet  below  the  upper 
two  or  three  inches  are  of  very  little  value  for  moisture  storage 
as  the  ground  will  dry  to  this  depth  before  the  next  rain.  Growing 
crops,  however,  may  receive  benefit  from  light  showers. 
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As  the  upper  section  of  the  soil  fills  with  water,  the  percentage 
of  water  increases  to  a  point  above  which  the  moisture  content 
will  not  remain  for  any  length  of  time.  This  point  has  been  desig- 
nated as  the  normal  field  carrying  capacity  of  the  soil.  It  is  con- 
stant for  any  given  type  of  soil,  but  differs  with  different  soil  tex- 
tures. It  varies  from  about  fifty  per  cent  for  a  heavy  soil  (similar 
to  Fargo)  to  less  than  ten  per  cent  for  open  sandy  soils.  Loam 
soils  of  western  North  Dakota  will  vary  from  10  to  30  per  cent  with 
an  average  of  about  eighteen  to  twenty  per  cent.  If  the  rainfall 
is  sufficiently  rapid,  the  moisture  •content  will  go  above  this  point 
for  a  time,  but  the  tendency  will  always  be  to  gradually  allow  the 
excess  moisture  to  pass  downward  into  lower  depths.  When  each 
successive  depth  has  attained  its  normal  carrying  capacity,  any 
excess  moisture  passes  through  to  lower  depths. 

Under  conditions  which  obtain  in  western  North  Dakota, 
water  is  seldom  stored  below  the  fourth  or  fifth  foot  where  land 
is  continuously  cropped.  When  the  land  is  fallowed,  however,  and 
in  seasons  of  heavy  precipitation,  moisture  has  been  stored  at  Dick- 
inson and  Williston  to  the  depth  of  eight  or  nine  feet.  At  Edgeley 
the  presence  of  shale  at  varying  depths  down  to  three  feet,  limits 
the  storage  capacity  of  that  particular  soil.  Fmire  10  presents  in 
a  graphic  way  a  summary  of  the  efficiency  of^summer  tillage  or 
fallow  in  conserving  in  the  subsoil  the  rainfall  during  the  period 
included  between  the  harvest  of  one  crop  and  the  time  of  seeding 
the  second  year  following,  a  period  representing  the  fallow  cycle, 
or  about  1  %  years.  The  percentage  of  the  rainfall  stored  is  not 
as  great  as  is  generally  supposed  and  is  not  in  keeping  with  the 
enthusiastic  claims  made  by  dry  farming  faddists  regarding  the 
percentage  of  rainfall  that  can  be  stored  by  moisture  conservation 
methods. 

At  Edgeley  the  first  three  cycles  conserved  very  nearly  the 
same  percentage  of  the  rainfall.  It  will  be  noticed  that  the  amount 
stored  at  Edgeley  is  very  nearly  four  inches  in  each  fallow  cycle. 
The  storage  capacity  of  the  soil  at  this  station  is  so  limited  by  un- 
derlying shale  that  intensive  moisture  conservation  practices  are 
not  practical.  The  Dickinson  soil  is  quite  uniform  in  the  upper  six 
feet  and  is  an  ideal  soil  for  the  conservation  of  moisture. 

The  soil  at  the  Williston  station  is  a  little  more  sandy  and 
does  not  retain  as  much  water.  The  average  soil  of  the  Williston 
area,  however,  approximates  the  Dickinson  station  soil  more 
closely  in  this  respect. 

Variation  in  distribution  of  the  rainfall  is  a  factor  that  is  not 
taken  into  consideration  in  this  chart.  Disregarding  this  disturb- 
ing factor,  it  seems  that  at  Dickinson  and  Williston  about  nine 
inches  of  rain  must  fall  during  the  fallow  cycle  to  take  care  of 
losses  by  evaporation  during  that  period.  The  results  indicate 
that  not  more  than  one-third  of  the  total  precipitation  falling  dur- 
ing the  fallow  period  can  be  stored  by  summer  tillage  on  western 
North  Dakota  soils. 


RBDDCTiON  OF  SOIL  MOISTURE—  Molsture  once  stored  in  the 
soil  has  three  avenues  of  escape.  It  may  be  lost  by  evaporation 
from  the  surface.  Plants  may  take  it  up  and  breath  it  out  through 
their  leaves,  or  the  water  may  seep  down  to  depths  beyond  the 
reach  of  plant  roots. 

Advocates  of  dry  farming  systems  based  on  the  "dust  blanket" 
theory  strive  by  maintaining  a  soil  mulch  to  reduce  the  loss  by 
evaporation.  They  reason  that  by  stirring  the  surface,  capillarity 
will  cease  to  act  in  bringing:  up  water  from  the  lower  depths  to 
the  surface.  But  they  fail  to  take  into  consideration  that  because 
of  the  absence  of  a  free  water  table  capillarity  as  a  force  for  mov- 
ing water  upwards  ceases  and  is  of  no  practical  importance  (1). 
The  apparent  benefits,  as  measured  by  increased  moisture  content 

1.  ThlB  atatement  1b  not  supported  by  experimental  evidence  Included 
In  thie  publication;  but  tbere  la  abundant  proof  of  It  In  data  of  the  Office 
or  Dry  Land  Agriculture,  a  part  of  which  haa  been  publlehed  by  W.  W.  Burr 
of  that  ornce.  In  Research  Bulletin  Nq.  6  ot  tbe  UnlTerslty  of  Nsbratka, 
pp.  76-77. 
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attributed  to  the  soil  mulch,  have  more  than  likely  been  due  to 
the  fact  that  in  maintaining  the  soil  mulch,  loss  of  water  has  been 
prevented  by  the  eradication  of  the  greatest  dissipators  of  soil 
moisture,  namely,  weeds.  From  the  standpoint  of  moisture  con- 
servation, cultivation  is  beneficial  when  weeds  are  destroyed  or 
prevented  from  growing.  This  fact  should  not  be  taken  to  mean 
that  less  cultivation  is  necessary  but  rather  that  such  operations 
should  be  performed  at  times  when  weeds  can  be  combatted.  If  the 
soil  checks  and  cracks  deeply,  air  is  allowed  to  circulate  below  the 
normal  drying  depth  of  the  surface  and  cultivation  is  then  neces- 
sary. Otherwise  the  soil  mulch  can  be  disregarded.  Any  loss  that 
may  take  place  from  seepage  to  depths  below  the  reach  of  the 
plants,  would  occur  only  when  the  storage  of  water  continued  un- 
til it  reached  depths  below  the  root  feeding  zone  of  crops.  In 
seasons  of  heavy  precipitation,  water  has  been  stored  below  the 
reach  of  small  grains  and  com.  Grasses  and  alfalfa  under  favor- 
able conditions  penetrate  to  greater  depths. 

It  would  not  be  of  advantage  to  store  water  at  depths  beyond 
which  it  cannot  be  recovered  by  crops.  Figure  11  is  a  diagramatic 
representation  of  the  feeding  depth  of  wheat  and  corn  at  Williston 
as  shown  by  moisture  determinations  made  to  the  depth  of  ten  feet 
on  the  alternately  cropped  and  summer  tilled  plats  in  the  moisture 
conservation  series.  It  is  evident  that  here  wheat  feeds  deeper 
than  com.  This  may  be  either  because  the  com  plant  is  not  forced 
to  go  so  deep  to  obtain  sufficient  water  for  its  needs  or  because 
com  is  not  able  to  penetrate  as  deep  as  wheat  when  conditions  of 
drought  weaken  it.  It  is  also  apparent  that  very  little  use  is  made 
by  wheat  of  water  below  the  sixth  foot.  It  appears  that  com  does 
not  ordinarily  feed  to  a  depth  of  more  than  four  feet. 

If  the  water  passes  through  the  plants  of  the  growing  crop 
it  serves  the  purpose  for  which  it  was  stored,  but  when  weeds  de- 
plete the  soil  moisture  supply  it  is  being  wasted  without  returning 
any  profits  to  the  grower.  The  importance  of  weed  prevention  and 
destraction  is  generally  underestimated. 

Under  the  growing  crops  the  reduction  of  soil  water  goes  on 
until  the  moisture  content  is  reduced  to  a  point  below  which,  under 
field  conditions,  no  further  reduction  takes  place.  This  point  has 
been  designated  as  the  minimum  point  of  possible  exhaustion  and 
is  fairly  constant  for  a  given  type  of  soil.  The  minimum  point  of 
possible  exhaustion  varies  from  two  to  three  per  cent  for  very 
sandy  soils  to  over  twenty  per  cent  for  clay  soils. 

From  the  observations  made  during  the  progress  of  these  ex- 
periments, it  is  evident  that  in  the  Great  Plains  grains  have  not 
been  carried  from  the  period  of  germination  to  harvest  on  stored 
water,  unaided  by  fairly  favorable  distribution  of  rainfall  during 
the  growing  season.  An  abundance  of  water  in  the  spring  some- 
times causes  rank  growth  which  cannot  be  brought  to  maturity 
without  the  aid  of  subsequent  seasonal  rainfall.  Stored  water  is 
a  valuable  aid  in  seasons  slightly  above  or  below  normal  in  rain- 
fall but  occasional  seasons  of  drouth  may  be  expected  when  stored 
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water  will  not  sufficiently  overcome  the  deficiency  of  seasonal  rain- 
fall to  ward  off  crop  failure. 

From  the  general  tone  of  the  discussion  of  soil  moisture,  the 
reader  has  probably  already  realized  that  after  investigating  the 
question,  the  writers  do  not  have  enthusiastic  faith  in  so-called 
"Moisture  Conservation"  methods.  They  recognize  that  there  are 
limitations,  not  only  to  the  percentage  of  the  total  rainfall  that 
can  be  stored,  but  also  to  the  value  of  stored  water.  They  do  not 
believe  that  the  dry  f amler  of  the  Great  Plains  should  pin  his  faith 
to  any  special  system  of  tillage  as  a  panacea  for  dry  farming  ills. 


CROPS  AND  VARIETIES 


The  crops  grown  in  the  rotation  experiments  are  those  which 
have  been  most  commonly  grown  in  the  semi-arid  regions.  The 
varieties  in  most  cases  have  been  those  considered  among  the  best 
for  the  locality,  but  where  later  trials  have  shown  others  to  be 
better  they  have  been  substituted.  In  Table  No.  11  are  given  the 
varieties  used  at  each  sub-station  at  the  present  time. 

TABLE  II.— SEED  VARIETIES  USED  IN  ROTATION  AND  TILLAGE  EX- 
PERIMENTS  AT  EDGELEY,    HETTINGER,  DICKINSON  AND  WILLISTON 


Crop 


Alftilfa 

Barley 

Brome  Grass. 

Com 

Flax 

Cats 

Peas 

Rye 

Sweet  Clover.. 
Wheat 


Edgeley 


Commercial 
Oderbmcker 
Commercial 
N.  W.  Dent 
WUt  Resistant 
Siberian  White 
Canada  Field 
Spring 
Whiteflow'd 
Amautka 


Hettinger 

Grimm 

White  Hullesa 
Commercial 
Golden  Dent 

2 
Sixty-Day 
Canada  Field 
Winter 
Whiteflow'd 
Kubanka 


I      Dickinson 

Grimm 
Hannchen 
Commercial 
N.  W.  Dent 
Primost 
Early  Mount'n 
White  Marrow't 
N.  D.  No.  959 
Whitenow'd 
Kubanka 


Williston 


1 


Mansury 
Commercial 
N.  W.  Dent 
N.   D.   No.   155 
Swedish  Select 
Canada  Field 
Winter 


1 

Amautka 


1.  Alfalfa  and  sweet  clover  have  not  been  used  in  rotation  experiments 
at  WUllston. 

2.  Wilt  replBtant 


RATES  OF  SEEDING— The  rate  of  seeding  practiced  at  these 
stations  has  been  that  which  seemed  to  give  the  best  results  for 
their  respective  localities. 

In  all  the  rotations  a  uniform  rate  of  seeding  for  a  single  crop 
is  used  at  each  station.  For  instance,  if  there  are  twenty-five  dif- 
ferent experiments  in  which  the  same  crop  is  grown,  the  same 
rate  of  seeding  is  used  in  each  of  these  twenty-five  cases,  thereby 
making  the  results  of  all  systems  comparable  in  this  point.  Table 
No.  Ill  shows  the  rates  of  seeding  used  at  each  sub-station  at  the 
present  time. 
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TABLE  III.— RATES  OF  SEEDING  FOR  THE  VARIOUS  GROFS  tSEb  lU 

THE  ROTATION  AND  TILLAGE  EXPERIMENTS. 


AlfalSi:... 

Barley 

Brome 

Clover 

Com  2 

Flax 

Gate 

Peas 

Rye 


Edgeley 


Dickinson 
~5~lb8 


Willifiton 


Sweet  Clover 
Wheat 


6  pks 
20  lbs 
3-15  IbB 


2  pks 

6  pks 
10  pks 

5  pks 
15  pks 

4  pks 


8-20  lbs  1 
6  pks 
15-20  lbs  1 
10-20  lbs  1 

Planted  in  rows  44  inches  apart  and  thinned  to  9 
2  pks 
6  pks 
12  pks 
6  pks 
16  lbs 
6  pks 


8  pks 
20  lbs 
15  lbs 


2  pks 
6  pks 
8  pks 
6  pks 

3 

4  pks 


Hettinger 


2  lbs 
4  pks 

15  lbs 
15  lbs 
inches  in  the  row 
20  lbs 

4  pks 

4  pks 

4  pks 
15  lbs 

3  pks 


1.  Where  two  rates  are  given  for  a  crop  at  the  same  station,  the  first  rate 
given  is  the  one  used  in  later  years. 

2.  At  Hettinger  plants  are  18  inches  apart  in  the  row. 

3.  Alfalfa  and  sweet  clover  not  used  in  the  experiments  at  Williston. 


in 

^RAiN  CROPS—  Tabular  statements  of  the  average  annual 
yields  of  each  grain  crop  is  given  in  Table  No.  IV.  This  is  for  the 
purpose  of  showing  the  seasonal  differences  in  yields  rather  than 
the  average  production  which  may  be  expected  in  the  locality. 


TABLE  IV.—  AVERAGE  ANNUAL  AND  GENERAL  AVERAGE  YIELDS  OF 
WHEAT,  OATS,  BARLEY  AND  CORN  FOR  EACH  SUBSTATION. 


Station 


No 
of 


Bushels  Per  Acre 


Pltei  1907  I  1908  I  1909  1 1910  |  1911  |  1912  |  1913  |  1914  |  Av 


WHEAT 


Edgeley 28 

Dickinson 26 

Williston ,19 

Hettinger i  32 


10.6 


16.6 
30.0 


27.6 
36.1 


5.7 

21.7 
1.8 


1.9 
5.9 
4.6 


33.9 

H 
37.0 
16.6 


22. 5,16.2  16.9 

25.9   15.4  22.5 

15.3  125.7  16.9 

20.3111.4  16.2 


OATS 


Edgeley 30   27.9   19.6   56.01    9.11    4.1   61.9  40.6  46.0  33.2 


Dickinson 27 

Williston 31 

Hettinger 31 


53.3  I  67.8  35.4     8.9 
3.5   11.0 


H  55.6  24  5  40.9 
63.337.8  71.0  37.3 
23.5  31.7131.4  28.9 


BARLEY 


Edgeley.  . 
Dickinson 
Williston . 
Hettinger . 


5 
6 
5 
5 


12.9 


26.3 

29.2 

1.9 

33.5146.4 

26.4 

1.4 

0.3   29.4   24:2   31.1  19.4 

8.9     H      31.2   26.5  28.8 

6.1   42.6J19.1   36.7  21.2 

124.8130.9   14.9  23.5 


CORN 


Edgeley 22 

Dickinson 23 

Williston 19 

Hettinger 26 


30.4 

20.9 

50.0   22.1 

27.7 

1 

25.4 

18.2 

14.8     8.3 

19.0  19.8 

45.1  14.1 
I    6  1 


Note: — At  Dickinson  in  1912  all  crops  were  destroyed  by  hail. 

1.  The  wheat  yield  at  Edgeley  for  1914  were  very  materially  affected  by  rust 
and  hail. 

2.  The  Dickinson  wheat  yields  for  1914  were  damaged  about  25  per  cent,  by  hall. 

3.  The  Dickinson  oat  yields  for  1914  were  damaged  about  50  per  cent,  by  hail. 
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TABLE  v.— A  COMPARISON  OF  THE  ANNUAL  AND  AVERAGE  YIELDS 
OF  FORAGE  FROM  CORN,  BROME,  ALFALFA  AND  CLOVER- 


Station 


,No 
lof 


Pounds  Per  Acre 


pits  1907  1 1908  1 1909  \  1910  1 1911  1 1912  |  1913  1 1914  |  Av 


CORN 


Ededey 22  i  2420   2010  i  5040    1610 

Didrinson I  23  t  2535  .  5815    3568 

Williston 19 

Hettinger 26 


4630  ,  6350  i  4260  i  4050  3800 

4070  '    H       3590  !  2980  !  3760 

1791 ;  3962  115767  9064  ,  7686  7657 

I          ,  1673      *       8638  5156 


BROME 


Edgeley.  . 
Dickinson 
Williston  1 


4 
4 
4 


2300  2320  !  4280  1130  1 1270 1 3950  2580 1  3542  |  2670 
I  2270  3100  2520  |  750  '  3310  2670  I  2850}  2500 


560 


Hettinger 5 


1550   560  570 
1020  '  750  '  1040 


810 
940 


ALFALFA 


Edgeley   . 
Diddnson 


EdgcJey. 
Diddnson 


2 
2 

1560 

1000 
3425 

1000 
1545 

980 
710 

3780 
1550 

1650 
2320 

3305 
3180 

CLOVER 

~  1 
1 

550 
4500 

00 
460 

850 
1250 

00 
300 

00 
1340 

500 
1860 

2480 
1900 

1950 
2040 


625 
1660 


1.  Tests  on  the  value  of  western  rye-grass  as  a  substitute  for  brome  grass 
have  been  started. 

2.  Average  of  two  plats. 
•     No  Weights  taken. 

FORAGE  CROPS—  In  Table  No.  V  are  shown  the  yields  of 
the  forage  crops  grown.  Com  is  one  of,  the  foremost  forage  crops 
suited  to  North  Dakota  conditions.  As  a  cultivated  crop  its  value 
in  preparing  the  land  for  a  succeeding  small  grain  crop  is  shown 
in  another  part  of  this  bulletin.  In  this  work  it  is  grown  in  nearly 
all  the  rotations  where  an  intertilled  crop  is  used. 

A  comparison  of  yields,  especially  those  secured  in  1910  and 
1911,  shows  com  as  a  feed  crop  is  safer  than  any  of  the  small 
grains  as  grain  crops.  The  yields  of  com  fodder  are  also  shown 
to  be  much  greater  than  those  of  any  of  the  hay  crops  discussed 
in  this  bulletin  and  are  probably  greater  than  the  yields  from  any 
hay  crop  generally  grown  in  North  Dakota,  with  the  possible  ex- 
ception of  millet. 

Brome  grass  is  grown  in  two  rotations.  The  only  difference 
between  these  rotations  is  that  in  one  flax  is  introduced,  thus  mak- 
ing that  rotation  one  year  longer  than  the  other.  In  both  of  them 
the  grass  is  seeded  with  wheat  on  disked  com  land  and  left  for  two 
seasons  after  the  wheat  crop  is  removed.  At  Edgeley  and  Dickin- 
son very  creditable  yields  have  been  obtained,  while  at  Williston 
and  Hettinger  the  yields  of  hay  have  been  much  lighter. 
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Alfalfa  has  been  grown  in  but  one  rotation  at  each  station.  It 
is  seeded  on  fall-plowed  land  at  such  time  in  the  early  summer  as 
the  soil  seems  to  be  in  the  best  condition  for  it.  At  Edgeley  and 
Hettinger  broadcast  seeding  has  been  practiced.  At  Williston,  and 
at  Dickinson  until  1912,  the  alfalfa  has  been  drilled  solid,  while  at 
Dickinson  during  the  last  three  years  it  has  been  seeded  in  rows 
far  enough  apart  to  cultivate.  The  best  yidds  have  been  secured 
at  Dickinson  and  Edgeley.  At  Edgeley  the  average  yield  has  been 
low  in  comparison  with  other  forage  crops  adapted  to  that  region. 

Clover  is  used  in  a  five-year  rotation,  but  has  not  yet  given 
much  success.  Failure  with  it  has  usually  been  due  to  winter- 
killing. At  Edgeley  the  location  of  the  clover  plat  is  such  that  in 
some  years  it  has  suffered  from  soil  blowing  from  adjoining  plats. 
Its  production  under  favorable  conditions  has  been  good  at  times, 
but  on  the  average  it  has  not  proved  a  profitable  crop.  At  only  two 
stations,  Dickinson  and  Edgeley,  have  yields  been  secured.  It  will 
be  seen  from  the  table  that  the  yields  have  not  varied  directly  with 
the  seasonal  rainfall.  The  rainfall  for  1909  was  the  highest  re- 
corded at  Dickinson  but  nearly  as  large  a  yield  of  clover  was  pro- 
duced in  1911  when  the  rainfall  was  very  low. 

ROTATION  OF  CROPS 

Systems  of  rotation  are  designed  to  take  the  place  of  the 
methods  ordinarily  used,  such  as  cropping  to  the  same  crop  year 
after  year,  or  the  usual  haphazard  and  indefinite  changing  of  the 
cropping  order.  A  rotation  suitable  for  any  particular  regrion 
should  attain  the  following  ends:  a  more  regular  income  less  de- 
pendent upon  seasonal  conditions;  a  profitable  income  in  spite  of 
previous  long  continued  cropping,  and  a  more  uniform  distribution 
of  farm  labor  throughout  the  year. 

No  perfect  rotation  has  yet  been  devised.  To  approximate 
perfection,  the  nature  and  importance  of  the  principles  involved 
must  be  recognized.  Fundamentally  the  so-called  "money  crops" 
should  be  arranged  in  the  rotation  where  they  will  be  afforded  the 
most  favorable  moisture  and  fertility  conditions.  Summer  tilled 
land  and  that  previously  devoted  to  intertilled  crops  like  com  or 
potatoes  furnish  favorable  moisture  conditions  for  growing  such 
crops.  The  fertility  is  usually  kept  up  by  applying  manure,  plow- 
ing under  green  manure  crops,  or  growing  restorative  crops  like 
grasses  and  legumes. 

The  moisture  factor  will  always  be  important  in  western 
North  Dakota.  An  abundance  of  fertility  will  not  assure  f^ood 
crops  without  a  sufficient  supply  of  water.  Since  these  soils  have 
not  been  depleted  of  their  native  fertility  by  cropping,  the  moist- 
ure factor  should  receive  the  first  consideration. 

The  relative  merits  of  differpnt  systems  will  be  discussed  in 
the  light  of  the  data  obtained.  This  may  assist  the  farmer  in  de- 
ciding whether  he  should  summer  till,  crop  every  year  to  the  same 
crop,  plow  under  green  manure  crops,  grow  com,  grass  crops,  or 
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combine  any  of  these  practices  as  a  fundamental  part  of  his  crop- 
ping system. 

In  attempting  to  determine  whether  a  practice  pays,  at  least 
three  factors  must  be  taken  into  consideration,  namely,  production, 
economy  of  production,  and  the  effects  of  the  practice  on  soil  fer- 
tility. Even  if  a  practice  or  system  of  cropping  produced  well, 
it  might  be  impracticable  and  unprofitable  because  of  a  too-high 
cost  of  production,  or  because  of  detrimental  effects  from  the 
standpoint  of  soil  fertility  and  permanent  agriculture. 

SUMMER  TILLAGE 

SUMMER  TILLAGE  WITH  ALTERNATE  CROPPING— At  cach  sta- 
tion a  series  of  experiments  is  conducted  in  which  cropping  al- 
ternating with  summer  tillage  is  compared  with  cropping  contin- 
uously to  the  same  crop.  Where  cropping  is  ^temated  with  sum- 
mer tillage  the  land  is  cropped  one  year  and  summer  tilled  the 
next  Two  plats  are  used  so  that  each  year  there  is  one  plat  under 
crop  while  the  other  is  summer  tilled.  In  summer  tillage  the  land 
is  plowed  either  in  the  fall  or  late  spring  and  kept  clean  through- 
out the  season  in  order  to  store  moisture  for  the  crop  the  next  year. 
Two  plats  are  devoted  to  continuous  cropping.  One  is  fall  plowed 
while  the  other  is  plowed  in  the  spring  as  shown  in  the  table  on 
fall  plowing  versus  spring  plowing,  there  is  but  little  difference 
in  the  yields  secured  from  the  two  methods.  Consequently  in  the 
comparison  with  (cropping  alternated  with)  summer  tillage  the 
average  yields  from  both  the  fall  and  spring  plowed  plats  is  used. 

The  results  presented  in  Table  No.  VI  show  increased  yields  in 
favor  of  summer  tillage  for  the  small  grains  at  all  stations.  The 
smaUest  differences  are  shown  at  Edgeley,  where  the  results  are 
no  doubt  affected  by  shale  in  the  subsoil.  On  a  shallow  soil  of 
this  type  there  is  usually  very  little  response  to  methods  of  moist- 
ure conservation. 

At  Edgeley,  summer  tillage  has  given  an  increased  yield  over 
continuous  cropping  of  1.6  bushels  per  acre  for  wheat,  16.7. bush- 
els for  oats,  and  3.0  bushels  for  barley.  At  Dickinson  it  has  given 
an  increase  of  12.2  bushels  for  wheat,  20.3  bushels  for  oats,  and 
7.0  bushels  for  barley;  at  Williston  5.6  bushels  for  wheat,  16.5 
for  oats,  and  12.7  for  barley,  while  at  Hettinger  the  difference  is 
10.3  bushels  for  wheat,  13.8  bushels  for  oats  and  8.1  for  barley. 
The  average  increase  in  favor  of  summer  tillage  for  Dickinson, 
Williston  and  Hettinger,  the  three  stations  where  conditions  are 
the  most  similar,  is  7.4  bushels  for  wheat,  16.6  bushels  for  oats 
and  7.7  bushels  for  barley. 

Whether  or  not  the  practice  of  alternating  a  crop  with  summer 
tillage  increases  the  yield  sufficiently  to  make  it  profitable  must 
be  decided  by  the  local  conditions  influencing  the  cost  of  production. 
It  most  be  considered  that  twice  as  much  land  is  necessary  for  the 
same  acreage  in  crops  and  that  as  land  values  increase,  the  com- 
parative value  of  summer  tillage  will  grow  less.  The  greater  part 
of  the  work  with  summer  tillage  can  usually  be  done  when  general 
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farm  work  is  light.  The  general  operating  cost  would  therefore  be 
somewhat  reduced. 

It  is  apparent  from  a  consideration  of  these  factors  and  the 
yields  secured  that  alternate  cropping  has  not  proved  to  be  a  profit- 
able practice  at  any  of  the  North  Dakota  stations  where  this  work 
has  been  conducted,  except  at  Dickinson.  At  this  station  its  value 
over  continuous  cropping  is  consistently  shown. 

SUMMER  TILLAGE  IN  ROTATION— .There  are  a  number  of 
trials  where  summer  tillage  is  used  in  crop  rotation.  In  these 
trials,  the  summer  tilled  land  is  treated  the  same  as  with  alternate 
cropping,  but  with  two  or  more  crops  intervening.  In  Table  No. 
VII  are  shown  the  yields  received  by  this  treatment  compared  witii 
the  yields  of  the  same  crop  when  grown  after  small  grains  in  sim- 
ilar rotations. 

An  increase  in  favor  of  summer  tillage  is  shown  by  the  total 
average  in  every  instance.  For  Edgeley  this  difference  is  2.9  bush- 
els per  acre  for  both  wheat  and  oats;  at  Dickinson  9.3  bushels 
per  acre  for  wheat,  and  12.8  bushels  for  oats ;  Williston  4.6  bushels 
per  acre  for  wheat  and  6.3  bushels  for  oats;  and  at  Hettinger  3.4 
bushels  for  wheat  and  8  bushels  for  oats.  For  all  four  stations  the 
average  difference  in  favor  of  summer  tillage  is  5.0  bushels  for 
wheat  and  7.5  bushels  for  oats. 

At  none  of  the  stations  except  Dickinson  is  there  any  marked 
increase  in  yield  in  favor  of  summer  tillage,  except  in  dry  years 
when  the  yields  from  all  methods  were  generally  low.  A  strong 
argument  in  favor  of  summer  tillage  is  that  in  a  certain  measure 
it  insures  a  fair  yield  in  a  season  of  drouth,  but  when  considered 
from  the  standpoint  of  average  production  it  appears  that  it  is  of 
doubtful  value  in  western  North  Dakota. 
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GREEN  MANURE 

I 

There  is  a  difference  of  opinion  as  to  the  effect  on  soil  fer^ 
tility  of  allowing  the  land  to  lie  bare.  The  practice  is  firenerally 
thought  to  be  destructive  of  humus.  Due  to  the  high  straw  yields 
on  fallow  plats,  approximately  as  much  straw  is  taken  orf  one  acr^ 
of  fallow  as  is  produced  on  two  acres  continuously  cropped.  BotK 
of  these  systems  are  deficient  in  that  no  provision  is  made  for 
directly  or  indirectly  maintaing  soil  fertility.  A  modified  form  of 
summer  tillage  is  the  plowing  under  of  a  crop.  This  practice  of 
green  manuring,  aside  from  being  a  partial  fallow,  supplies  the 
material  necessary  for  restoring  or  keeping  up  the  humus  content 
of  the  soil.  In  this  way  both  soil  fertility  and  moisture  conserva- 
tion should  be  attained. 

In  the  work  here  reported  three  crops  have  been  used  as  green 
manures,  namely,  rye,  peas,  and  sweet  clover.  Williston  does  not 
use  sweet  clover.  Winter  rye  is  used  at  Williston  and  Dickinson; 
and  spring  rye  at  Edgeley  and  Hettinger.  A  supposed  advantage 
of  winter  rye  is  the  fact  that  this  crop  can  be  plowed  under  earlier 
in  the  season.  This  gives  an  additional  month  for  moisture  con- 
servation which  is  of  considerable  advantage  in  the  western  portion 
of  the  State. 

Sweet  clover  being  a  biennial  plant  is  seeded  with  the  grain 
crop  of  the  previous  year.  Thus  no  extra  cultivation  is  required 
for  its  production.  In  the  eastern  parts  of  the  State  this  method 
of  handling  the  land  is  probably  more  nearly  like  the  ordinarj^ 
method  of  handling  fallow  than  any  of  the  other  methods  of  sum- 
mer tillage  or  green  manure  except  that,  with  the  ordinary  fallow, 
weeds  are  allowed  to  take  the  place  of  the  green  manure  crops. 

These  crops  are  grown  in  a  series  of  four-year  rotations  plan- 
ned according  to  the  following  general  schedule :  small  grain,  com, 
small  grain,  green  manure,  and  then  repeated.  Another  set  of 
rotations  substitutes  summer  tillage  for  green  manure.  A  compari- 
son of  the  effect  of  these  methods  on  the  first  crop  following  them 
is  given  in  Table  No.  VIII. 

From  the  standpoint  of  immediate  returns,  it  is  evident  that 
green  manuring  as  compared  with  clean  fallow  has  not  increased 
the  yield  of  the  wheat  crop  at  any  of  the  stations.  Where  oats 
followed  the  green  manure  we  note  negative  results,  except  at  Wil- 
liston where  oats  after  the  green  manures  average  higher  than 
oats  after  fallow.  This  greater  advantage  in  1913  was  due  to  the 
weeds  choking  the  oats  on  fallow.  In  all  probability,  with  the  soil 
still  in  almost  its  original  state  of  fertility,  the  practice  of  green 
manuring  will  not  materially  increase  the  present  yields  produced 
under  the  ordinary  fallowing  system.  While  the  moisture  problem 
is  more  important  than  the  fertility  problem,  as  measured  by  im- 
mediate returns,  this  system  will  not  be  generally  practiced  with 
profit.  Due  to  the  short  period  of  the  trials,  no  reliable  data  can 
be  given  on  the  matter  of  residual  effects  as  measured  by  crops 
grown  several  years  after  the  treatment 
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SUMMER    TILLAGE    MANURED 

A  number  of  rotations  are  being  conducted  at  Edgeley  to  de- 
termine the  effect  of  manured  summer  tillage  on  the  succeeding 
crops.  The  manure  is  applied  at  the  rate  of  nine  loads  per  acre  be- 
fore plowing  the  fallow.  The  arrangement  of  these  rotations  with 
the  crops  named  in  the  order  of  their  succession  on  the  land  is  as 
follows : 


Rotation  72* 

Rotation  18 

Rotation  71 

Rotation   19 

Fallow 

Fallow  (Not 

Fallow 

Fallow   (Not 

(Manured) 

Manured) 

(Manured) 

Manured ) 

Wheat 

Wheat 

Oats 

Oats 

Corn 

Com 

Com 

Corn 

Oats 

Oats 

Wheat 

Wheat 

TABLE  IX.— EFFECT  OF  MANURED  FALLOW  ON  SUCCEEDING  CROPS 

IN  ROTATIpNS  AT  EDGELEY 


Where  Wheat  Follows  Fallow 


Rotation    

Fallow,  Rotation  72,  Manured 

18,  Unmanured . . . 


»> 


» 


Wheat,  Rotation,72, 

18, 

Difference  in  favor  of  manure, 


Com,    Rotation  72, 

18, 


Difference  in  favor  of  manure. 


Oats,     Rotation  72, 

18, 

Difference  in  favor  of  manure, 


1909 

1910 

1911 

1912 

1913 

1914 

29.0 

9.3 

4.4 

36.9 

32.5 

17.5 

22.6 

7.8 

3.7 

34.2 

23.3 

16.3 

6.4 

1.5 

0.7 

2.7 

9.2 

1.2 

5280 

1930 

5450 

6380 

4460 

4430 

4680 

1300 

4250 

5500 

4180 

3500 

600 

630 

1200 

880 

280 

930 

54.2 

6.9 

8.1 

59.9 

63.2 

55.0 

55.3 

6.8 

1.2 

62.8 

39.3 

46  3 

-1.1 

0.1 

6.9 

-2.9 

23.9 

8.7 

s  Follow 

wsFall 

ow. 

Fallow,  Rotation  71,  Manured, . . . 

19,  Unmanured, 


»» 


>f 


Oats,     Rotation  71 

19, 

Difference  in  favor  of  manure, 


Com,    Rotation  71, 

19, 

Difference  in  favor  of  manure, 

Wheat,  Rotation  71, 

19, • 

Difference  in  favor  of  manure. 


Av 


21.6 

18.0 

3.6 

4660 

3901 

760 

41.2 

35.3 

5.9 


62.0 

8.7 

12.3 

63.4 

66.6 

47.4 

59.3 

12.5 

6.7 

74.4 

41.8 

45.3 

2.7 

-5.8 

5.6 

-11.0 

24.8 

2.1 

5100 

2330 

4850 

6875 

4630 

4240 

5130 

1500 

3700 

5800 

3990 

2570 

-30 

830 

1150 

1075 

640 

670 

26.8 

5.1 

3.7 

32.0 

27.2 

17.2 

25.1 

5.6 

4.1 

36.3 

21.8 

17.2 

1.7 

-.5 

-.4 

-4.3 

5.4 

0.0 

43.4 

40.0 

3.4 

4670 
3950 
720 

18.7 

18.4 

0.3 


Similar  trials  on  a  more  extensive  scale  are  being  conducted 
at  Hettinger  but  are  not  yet  sufficiently  advanced  to  give  any  com- 
parative results.  The  yields  for  Edgeley  from  1909  to  1914  are 
given  in  Table  No.  IX. 


Wheat  following  immediately  after  manured  fallow  has  given 
an  average  yield  of  3.6  bushels  more  than  where  the  fallow  was  not 
manured.  Oats  show  an  average  increase  of  3.4  bushels  per  acre 
for  the  manured  fallow,  although  in  two  years  out  of  the  six  the 
unmanured  land  gave  the  highest  yields. 

Com  has  been  grown  the  second  year  after  fallow  in  all  of  this 
work.  Where  the  fallow  was  manured  the  yields  have  been  consis- 
tenly  better  than  where  it  was  not  manured,  the  average  difference 
running  between  700  and  800  pounds  total  weight  per  acre. 

On  land  fallowed  three  years  previously,  wheat  showed  prac- 
tically no  effect  from  the  manure  applied  to  the  fallow.  Oats  in 
similar  position  showed  in  three  years  out  of  five  better  yields  on 
the  land  that  had  been  manured.  In  the  other  two  years  there  was 
but  little  difference  in  the  yields  from  the  two  methods. 

In  four-year  rotations,  nine  loads  of  manure,  applied  once 
every  four  years  on  fallow,  has  evidently  produced  the  following 
increase  in  yield:  In  one  case  where  wheat  followed  fallow,  3.6 
bushels  of  wheat,  760  pounds  in  total  weight  of  com,  and  5.9 
bushels  of  oats;  while  with  oats  following  fallow  the  increase  was 
3.4  bushels  of  oats,  720  pounds  of  com  and  .3  of  a  bushel^of  wheat. 

CORN 

Intertilled  crops  are  grown  in  rotations  where  the  farmer 
wishes  to  produce  a  feed  crop  instead  of  aUowing  his  land  to  lie 
idle  as  in  the  case  of  fallow.  Com  uses  a  relatively  large  amount 
of  moisture  for  growth,  but  due  to  shading  and  cultivation  it  is 
probable  that  com  land  allows  less  run-off  and  evaporation  than  a 
bare  cultivated  fallow.  Fallow  land,  however,  at  seeding  time 
usually  contains  more  moisture  for  the  next  crop  than  com  land. 
The  comparison  of  the  yields  secured  on  land  previously  fallowed 
with  land  previously  cropped  to  com  is  given  in  Table  No.  X. 

For  the  production  of  wheat,  fallowing  has  produced  average 
yields  from  twenty  to  thirty  per  cent  higher  than  those  secured  on 
com  land  at  all  stations  except  Edgeley,  where  no  advantage  is 
indicated.  From  a  close  study  of  the  table,  it  is  apparent  that  at 
Edgeley  no  year  shows  any  considerable  advantage  for  one  prac- 
tice over  the  other.  At  Didcinson,  the  differences  are  small  except 
for  the  year  1911,  when  fallowing  yielded  22.1  bushels  as  com- 
pared with  4.7  bushels  produced  on  com  land.  The  straw  growths 
for  tiiat  year  were  about  equal  but  the  wheat  on  fallow  was  later 
in  flowering  and  escaped  the  blighting  effect  of  a  short  period  of 
hot  winds  which  caught  the  wheat  on  com  land  while  flowering. 
Fertilization  of  the  wheat  was  thus  almost  entirely  prevented  on 
com  land.  Williston  data  reveal  nothing  but  small  differences  un- 
til 1914.  The  fallowed  plats  in  that  case,  by  virtue  or  being  le^s 
advanced  during  the  midsummer  drouth,  were  able  to  recover  bet- 
ter than  the  com  plats.  At  Hettinger,  the  year  1913  shows  eleven 
bushels  advantage  in  yield  tor  fallow.  Lack  of  moisture  during  the 
period  of  filling  was  the  chief  handicap  of  the  wheat  grown  on 
com  land.  The  wheat  yields  for  all  stations  show  a  3.3  bushel  av- 
erage difference  in  favor  of  fallowing. 
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TABLE  X.— SHOWING   YIELDS  OBTAINED  ON  CORN  LAND  AS   COM 

PARED  WITH  FALLOWED  LAND. 


Station       Treatmentl- 


Bushels  Per  Acre 


Edgeley  . 
11 


Dickinson 


Williston 


Hettinger  . 


All  Stations 
tt      tt 


Edgeley  . . 
If 

Dickinson . 


tt 


Williston 
tt 


Hettinger  . 
tt 


All  Stations 
tt    tt 


Edgeley  . 
tt 

Dickinson 


tt 


Williston 


tt 


Hettinger 
tt 


All  Stations 
tt    tt 


I  1907  I  1908  I  190^1  1910^1911 11912  I  1913  |  1914  |  Av. 
WHEAT 


After  Corn 
Fallow 


fi 


"  Corn 

"  Fallow 

"  Corn 

"  Fallow 

"  Corn 

"  Fallow 

"  Corn 

"  Fallow 


13.2 
10.9 

18.2 
15.8 

28.1 
27.5 

5.6 
8.0 

2.3 
3.2 

34.0 
35.4 

23.4 
26.1 

17.0 
16.0 

32.9 
33.6 

38.3 
36.9 

23.2 
26  0 

4.7 
22.1 

H 
H 

27.8 
27.2 

14.9 
19.2 

0.9 
4.9 

5.3 
8.2 

39.2 
39.9 

15.3 
17.8 

20.8 
30.3 

16.9 
19,9 

18.9 
29.6 

11.6 
11.8 

OATS 


After  Corn 

"  Fallow 

"  Corn 

"  FaUow 

"  Corn 

"  Fallow 

"  Corn 

"  Fallow 

"  Corn 

"  Fallow 


23.0 
33.8 


20.3 
19.9 

62.4 

57.7 


56.3 
59.0 

74.2 
70.1 


7.9 
11.0 

39.6 
47.2 

2.2 
5.9 


4  4 
9.3 

10.9 
29.8 

13.3 
16.8 


63.4 
70.9 

H 
H 

65.9 

77.1 

25.8 
27.3 


42.9 
54.1 

59.5 
57.1 

43.9 
39.8 

41.4 
38.3 


44.9 
48.1 

24.5 
37.4 

65.2 
79.7 

37.0 
30.8 


17 . 7 
17.9 

23.6 
27.5 

16.3 
20.2 

15.8 
20.4 

18.4 
21.5 


32.9 
38.3 

45.2 
49.9 

38.1 
43.9 

34.7 
32  1 

37.7 
41.0 


BARLEY 


After  Corn 
"   Fallow 

18.3 
16.0 

31.9 
24.2 

33.1 
28.3 

2.9 
2.2 

0.4" 
0.8 

30 .2 
32.3 

37.1 
26.8 

33.1 
29.4 

"   Com 
"   FaUow 

45.6 
30.0 

53.8 
50.0 

28.6 
24.0 

12.3 
19.1 

H 
H 

44.8 
36.9 

39.1 
35.2 

"   Corn 
"   Fallow 

0.4 
5.2 

4.2 
12  7 

50.8 
54.4 

28.6 
21.9 

53.5 

49.7 

"   Com 
"   Fallow 

13.5 
37.8 

21.0 
38.8 

10.2 
18.7 

"   Corn 
"   Fallow 

_ 

. 

23.4 
20  0 

87.4 
32.5 

27.5 
28.8 

14  9 
31.8 

25.8 
28.3 


The  effect  of  fallow  on  the  oats  crop  following  has  been  less 
than  on  wheat.  The  differences  in  favor  of  fallow  are  from  11  to 
16  per  cent  at  three  stations,  while  at  Hettinger  the  average  yields 
are  in  favor  of  com  land.  The  oat  yields  for  all  stations  show  a 
3.3  bushel  average  difference  in  favor  of  fallowing. 
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The  results  for  barley  are  taken  from  data  recorded  for  only 
two  plats  and  for  this  reason  are  not  to  be  considered  final  or  con- 
clusive. Edgeley  and  Dickinson  show  advantages  for  com  land. 
Williston  yields  are  slightly  favorable  to  fallow,  while  Hettinger 
results  are  decidedly  so. 

The  arguments  which  can  be  advanced  for  fallowing  rather 
than  growing  com  in  western  North  Dakota  are ;  slightly  increased 
average  yields,  less  expenditure  of  labor,  and  a  greater  insurance 
of  a  crop  in  some  seasons  of  drouth. 

The  practice  of  growing  com  rather  than  fallowing  can  be  de- 
fended by  referring  to  the  following  established  facts:  Com  is 
one  of  the  foremost  forage  crops  suited  to  North  Dakota  conditions. 
The  value  of  the  com  (grain  and  fodder)  produced,  when  fed  to 
livestock,  overweighs  the  greater  insurance  of  fallow  to  produce 
a  crop  during  some  seasons  of  drouth  and  the  slight  increase  of 
yields  brought  about  by  fallowing.  By  reference  to  Table  No.  IV, 
the  reader  will  be  given  an  idea  of  the  possibilities  of  corn  produc- 
tion with  our  present  varieties.  The  average  yield  of  fodder  at  the 
four  stations  has  been  about  two  and  one-half  tons.  With  livestock 
sufficient  to  consume  the  silage  or  fodder  produced  on  the  corn  land 
in  the  rotation,  the  fallow  system  should  not  be  commonly  practiced 
in  North  Dakota.  When  the  value  of  the  manure  applied  to  the 
land  is  considered,  the  placing  of  com  in  the  rotation  plan  should 
only  be  delayed  until  sufficient  livestock  could  be  secured.  Lack 
of  capital  to  buy  livestock  and  to  tide  over  seasons  of  crop  failure 
are  conditions  very  common  in  a  comparatively  new  section  of  the 
country.  In  view  of  these  conditions,  fallowing  can  be  made  tem- 
porarily a  part  of  the  cropping  system.  It  should  be  confined  to 
proportions  in  keeping  with  the  actual  benefits  which  it  may  fur- 
nish in  the  way  of  insurance  against  total  failure  and  should  not 
interfere  with  the  production  of  as  much  com  as  can  be  consumed 
by  livestock  on  the  farm. 

SODDING 

Instead  of  combining  the  two  problems  of  moisture  conserva- 
tion and  the  maintenance  of  soil  fertility  in  one  year's  treatment, 
the  restorative  crop  is  sometimes  grown  with  rather  a  decided  re- 
duction of  moisture.  This  is  the  case  when  crops  like  alfalfa, 
brome  grass,  timothy,  rye  grass,  or  clovers  are  grown  for  hay  and 
pasturing  purposes.  The  sodding  effect  is  beneficial  in  adding  or- 
ganic matter  to  the  soil,  but  the  moisture  content  on  sod  land  is 
Qsually  reduced  to  a  minimum.  The  immediate  returns  as  meas- 
ured by  the  following  crop  are  generally  low,  unless  seasonal  pre- 
cipitation is  high.  The  soil  after  having  grown  a  grass  crop  is 
practically  dry  to  the  full  extent  of  the  feeding  depth. 

Yields  of  oats  following  sod  crops  are  presented  in  Table  No. 

A.i. 

The  results  for  Edgeley  show  an  advantage  of  approximately 
11.0  bushels  per  acre  in  favor  of  oats  following  small  grains  as 
compared  with  oats  following  alfalfa.  Compared  with  brome  grass 
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TABLE  XI.— COMPARISON  OF  OAT  YIELDS  FOLLOWING  SOD  CROPS 
(ALFALFA,  BROME  AND  CLOVER)  AND  FOLLOWING 

SMALL  GRAINS. 


i 

Previous  Crop 

Bushels  Per  Acre 

1907  1 1908  1  1909    1910  |  1911  |  1912  1 1913  |  1914  |  Av. 

EDGETiF/ 

8.8      0-2.7 

87    42  2     22   7 

Alfalfa 

88.8 
29.2 

9.7    48.7  1 

45  3. 

Brome 

16.8 

55  0 

8.1 
8.1 

10.9 

0.6  54.4  37.1    81.3    30.8 

Clover 

11.8    50  S 

5.0,49.l'51.6    47.8    31.4 

Small  grains 

22  6 

57.9  i 

2.5i59.2'36.8    48.8     33   fi 

Die 

KINSON 
75.3    33  7" 

45  3   1  22  R   ;  J.n   A 

Alfalfa 

65  6 

1.1     H    , 

Brome 

61.6 
64.7 

42.2 

65.0 
63.8 

62.6 

34.6 
29.0 

32.3 

2.8     H    151.9    27.2 
2.7      H      55  0    22  O 

42  2 

Clover 

37  9 

Small  grains 

2.4     H 

1 
59.4    19.8 

36.5 

• 

WnJiTSTC 

}N 

Brome 

7.8 
9.1 

1.7 

1.6 
5.9 

11.4 

63.1 
66.6 

58.8 

27.5 
40.2 

34.6 

71.6 
85.3 

76.0 

34  3 

Clover * 

41  4 

Small  grains 

36.5 

1 

A\ 

rerage  for  all  S 

Station 

B. 

Alfalfa 

_ 

1 

31  6 

Brome 

35  8 

Clover 

36  8 

Small  grains 

35.5 
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or  clover  an  advantage  of  2.7  bushels  is  shown  in  favor  of  small 
grains  as  a  previous  crop. 

At  Dickinson  the  yield  of  oats  after  brome  grass  is  approxi- 
mately six  bushels  greater  than  that  after  small  grains.  After  al- 
falfa there  is  a  difference  of  four  bushels  and  after  clover  a  dif- 
ference of  1.4  bushels  in  favor  of  small  grains.  The  average  yield 
after  all  grasses  at  Dickinson  is  3.7  bushels  more  than  after  small 
grains. 

At  Williston  the  yield  of  oats  following  brome  grass  shows  a 
decrease  of  approximately  2.0  bushels  when  compared  with  oats 
following  small  grains,  while  with  oats  following  clover  there  is  an 
increase  or  advantage  of  5.0  bushels.  Oats  following  a  sod  crop 
have  given  an  average  yield  of  1.4  bushels  more  than  when  fol- 
lowing small  grains. 

Due  to  the  difficulty  in  getting  stands,  the  results  in  some 
cases  are  not  directly  attributable  to  the  effects  of  the  grass  crop 
seeded.  Alfalfa  and  brome  grass  are  sometimes  difficult  to  kill 
out.  If  the  breaking  of  the  sod  is  done  when  the  roots  are  grow- 
ing and  tender,  and  a  dry  period  follows,  very  little  trouble  need 
be  anticipated.  However,  if  the  roots  are  dry  and  in  rather  dor- 
mant condition  and  rainy  weather  sets  in  after  breaking,  a  grassy 
field  will  result. 

No  residual  effects  have  been  noticed  on  wheat  yields  on  land 
sodded  three  years  previous  at  either  Edgeley  or  Dickinson.  An 
apparent  increase  of  nearly  two  bushels  has  been  obtained  at  Will- 
iston. An  appreciable  effect  could  scarcely  be  expected  until  crop- 
ping had  reduced  the  native  fertility  to  a  lower  degree.  At  present 
the  growing  of  grasses  cannot  be  undertaken  with  any  degree  of 
expectation  of  immediate  increase  in  yields  of  the  crops  following 
them.  However,  in  livestock  farming  a  certain  amount  of  pasture 
and  hay  is  necessary.  Under  proper  management  the  grass  pro- 
ject can  be  made  a  profitable  one. 

CROP    SEQUENCE 

One  of  the  significant  observations  made  in  connection  with  a 
crop  rotation  is  the  effect  of  one  crop  on  those  which  follow.  So 
far  as  these  experiments  are  concerned  at  present,  that  effect  is 
mostly  soil  moisture  reduction.  The  extent  to  which  this  effect 
operates  dex)ends  on  the  order  of  the  crops  in  the  rotation. 

The  wheat  yields  for  all  stations  are  uniformly  consistent  as 
related  to  the  previous  crop.  The  highest  yields  at  all  stations  are 
produced  after  com ;  the  second  higheist  after  oats,  and  the  third  on 
land  continuously  cropped  to  wheat. 

The  effect  of  crop  sequence  upon  oats  is  not  so  uniformly  con- 
sistent. Except  at  Edgeley,  the  yield  following  com  ranks  first. 
Here  there  is  an  increase  of  0.8  bushels  over  com  land  in  favor  of 
land  previously  cropped  to  wheat.  At  Hettinger  the  yields  of  oats 
after  com  and  after  oats  have  been  equal.  The  average  for  all  sta- 
tions shows  the  highest  yields  on  land  previously  cropped  to  com ; 
the  second  highest  on  land  previously  cropped  to  barley  or  wheat, 
and  the  lowest  yields  on  land  continuously  cropped  to  oats. 
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TABLE  XII.— CROP  SEQUENCE.     WHEAT  YIELDS  FOLLOWING  CORN, 

OATS  AND  WHEAT. 


Yield  in  Bushels 


No  i 

of  ' 

pltsl  1907J  1908  1 1909  |  1910  1 1911  1 1912  |  1913  1 1914  |  Av. 

EDGELEY 


In  rotations 

Com 

12 

13.2 

18.2 

28.1 

5.6 

2.3 

34.0 

23.4 

17.0 

»>        »» 

Oats 

3 

7.7 

13.2 

29.0 

4.4 

0.7 

30.6 

17.5 

17.2 

Continuous 

Cropping: 

Wheat 

2 

6.6 

14.3 

25.8 

4.6 

0.6 

31.0 

14  2 

10.3 

DICKINSON 


In  rotations 

Com 

12 

32.9 

38.3 

23.2 

4.7 

H 

27.8 

14.9 

»        » 

Oats 

3 

19.3 

33.3 

18.8 

0.9 

H 

23.5 

12.6 

Continuous 

Cropping 

Wheat 

2 

21.0 

26.0 

17  8 

3.6 

H 

17  0 

9.7 

WILLISTON 


In  rotations 

Com 

9 

0.9 

5.3 

39.2 

15.3 

20.8 

»        ft 

Oats 

3 

1.2 

1.5 

34.1 

10.6 

31.1 

Continuous 

Cropping 

Wheat 

2 

1.6 

2.5 

29.5 

14.3 

23.2 

HETTINGER 


In  rotations 


99 


tt 


Continuous 
Cropping 


Corn 
Oats 

14 
3 

16.9 
14.6 

18.9 
14.0 

11.6 
13.0 

Wheat 

2 

( 

13.2 

12.3 

8.1 

17.7 
14.8 

13.3 


23.6 

18.1 

15.6 


16.3 
15.9 

14.2 


15.8 
13.9 

11.2 


Average  for  all  Stations 


In  rotations 

Corn 

42 

tt        11 

Oats 

12 

Continuous 

Cropping 

Wheat 

8 

18 .4 
15.7 

13.6 
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TABLE    XIII.  — CROP  SEQUENCE.    OAT   YIELDS  FOLLOWING   CORN, 

BARLEY,  WHEAT  AND  OATS. 


Previ-  No 
ious  i  of 
Crop    I  pits 


Yield  in  Bushels 


1907J  1908  1 1909  J  1910  |  1911 J  1912  1 19 13 J  1914  |  Av 
EDGELEY 


In  rotations 

tf  99 


99 


99 


Continuous 
Cropping: 


Corn 

Barley 

Wheat 

Oats 


9 
1 
6 


23 .0 
32  5 
28.5 

21.4 


20.3 
15.9 
24.3 

16.1 


56.3 
60.3 
57.5 

52.2 


7.9 
14.3 
10.3 

8.3 


4.4 
1.6 
2.6 

0.4 


63.4 
57.8 
59.3 

57.1 


42  9' 
27.5 
38.3 

25.0 


44.9 
48.5 
48.8 

33.5 


32.9 
32.2 
33.7 

26.8 


DICKINSON 


In  rotations 

9f  99 


r» 


»9 


Conttnootis 
Cropping 


Com 

Barley 

Wheat 

Oats 


f 
1 
7 


62.4 
44.7 
45.4 

40.6 


74.2 
61.9 
64.6 

57.2 


39 . 6 
27.8 
29.7 

29.0 


10.9 
1.4 
2.6 

4.1 


H 
H 
H 

H 


59.6 
61.0 
55.4 

38.7 


24.5 
19.5 
20.6 

14.9 


45.2 
36.1 
36.4 

30.8 


WILLISTON 


In  rotations 

»«                          99 
*9                           »» 

Corn 

Barley 

Wheat 

6 

1 
4 

2:2 
2.2 

1.6 

13 .3 

8.8 

12.1 

65  9 
61.2 
58.2 

43  9 
28.9 
36.0 

65.2 
87.5 
73.1 

Continuous 
Cropping 

Oats 

2 





2.7 

8.6 

47.4 

32.6 

66,1 

HETTINGER 


In  rotation 
99           ** 

99           99 

Com 

Barley 

Wheat 

8 

1 
7 

25.8 
34.4 
16.5 

41.4 
20.0 
27.4 

37.0 
27.5 
33.2 

C  ^ntinuous 
Cropping 

Oats 

2 

34.6 

32.9 

36.9 

Average  for  all  Stations 


In  rotations 
•«  99 


4* 


Continuous 
Cropping 


Cora 

Bariey 
Wheat 

Oats 

30 

4 

24 

8 

38.1 
37.7 
36.2 

29.5 


34 .7 
27.3 
25.7 

34.8 


37 .7 
33.4 
33.0 

30.5 


IM 


tAftLB  JOV.— CROP  SEQUENGB.    BARLEY  YIELDS  FOLLOWING  GOk! 

OATS  AND  BARLEY 


Yield  in  Bush^ 


pits  1907  1 1908  1 1909  1 1910  1 1911  1 1912  1 1918  1 1914  |  Av 

EDGELEY 


In  rotations 

Com 

1 

18.8 

31.9 

33.1 

2.9 

0.4 

30.2 

37.1 

33.1 

ft                 M 

Oats 

1 

10.6 

26.0 

32.7 

1.4 

0.1 

84.0 

18.9, 

33.6 

Continuous 

Cropping 

Barley 

2 

9.8 

24.6 

26.9 

1.4 

0.0 

26.4 

19.2 

29.6 

DICKINSON 


In  rotations 

Com 

1 

[46.6 

163.8 

28.6 

[12.3 

H 

[44.81 

39.1 

»»                 M 

Oats 

1 

84.4 

49.2 

19.8 

2.4 

H 

20.2 

13.3 

Continuous 

Cropping 

Bariey 

2 

28.8 

89.4 

29.7 

6.4 

H 

27.0 

22.6 

23.^ 
19.1 

17. ( 


38. '^ 
23.2 

25.6 


WILLISTON 


In  rotations 

Cora 

1 

0.4 

4.2 

60.8 

28.6 

63.5 

$f        f» 

Oats 

1 

0.2 

4.6 

20.0 

16.6 

86.7 

Continuous 

Cropping 

Barley 

2 

0.7 

4.6 

38.9 

14.6 

_21_^7 

HETTINGER 


In  rotations 

Com 

1 

13.6 

21.0 

10.2 

»        $p 

Oats 

1 

22.9 

28.0 

10. 0 

Continuous 

Cropping^ 

Barlej;^ 

[  AJ 

24^9 

.33.4 

12.8 

Average  of  all  Stations 


In  rotations  I  Corn    I  4 

Gate  4 
Continuous 

Cropping     iBarleyJ  8^ 


27:6 
17.4 

16.1 


14.9 
23  6 

23.7 


25.^ 
21.1 

20 .  ^ 
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TABLE    XV.— FALL    PLOWING    VERSUS    SPRING    PLOWING. 


Station 


Edffdey 
Dickinflon 


tt 


Williston 


Hettinger 
Average 


Edgdey 
DiddnaoD 


ti 


^niiston 


n 


Bettinger 
Iverage 


Treat- 
ment 


BusEelsper^cre 


No 

of  ' 

pita  _19p7  1 1908  1 1909  1 1910  1 1911  1 1912  1 1912  1 1914  [  Av 

WHEAT 


1  F.P. 
'  S.P. 

I 

1  F.P. 

;  S.P. 
i  P.P. 

I  S.P. 
I  F.P. 

!  s.p. 
i  p.p. 

S.P. 


F.P. 
S.P. 

I 

,  P.P. 

S.P. 

I 

F.P. 
S.P. 

'  P.P. 
S.P. 

F.P. 
S.P. 


4 
4 

5 
3 

4 
3 

!    5 

i    ' 

!18 

13 


9.7 
7.2 


1575  ,27.7 
14.2  I  27.6 

26.2  I34.6 
26.0    32.4 


6.2 
4.3 

20.6 
21.1 

0.9 
1.4 


1.0 
0.6 

31.1 
34.3 

16.7 
20.6 

16.1 
15.5 

2.1 
7.0 

H 
H 

25.8 
19.6 

12.1 
12.6 

1.9 
4.1 

35.1 
31.9 

11.7 
14.7 

26.9 

27.4 

14.1 
11.9 

14.4 
18.9 

11.6 
10.4 

1 

15:3 

15.5 

20.1 
19.8 

16.3 
16.9 

13.4 
13.7 

16.0 
16.2 


OATS 


7 
5 

27.5 
20.4 

21.7 
19.8 

56.7 
57.1 

11.8 
8.2 

1.9 
3.9 

69.6 
62.7 

30.5 
40.5 

47.7 
38.3 

6 

7 

36.9 
52.0 

62.2  29.4 
66.6! 31.0 

1.9 
4.4 

H 
H 

68.1 
48.0 

17.8 
20.5 

6 

4 

2.3 

2.1 

7.6 
12.9 

57.1 
61.8 

29.9 
41.1 

70.6 
63.0 

6 

7 

1 

24.2 
20.3 

20.6 
36.6 

23.6 
39.1 

25 
23 

32.2 
31.4 

34.4 
36.9 

33.5 
36.2 

22.8 
.32.0 

38.0 
34.1 
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TABLE    XV.     (CONTINUED)     FALL    PLOWING   VERSUS    SPRING 

PLOWING 


Station 

Treat- 
ment 

No 

of 

pits' 

_  — 

—  ~ 

Bushels  Per  Acre 

1907    1908    1909    1910 

1911    1912  1  1913  1  1914    Ay. 

F.P. 
S.P. 

BARLEY 

Edgeley .  . . 

1 
2 

9.4 
10.4 

24.2 
25.5 

24.7 
29.9 

1.6 
1.3 

0.1 
0.0 

26.5 
29.1 

10.2  126.9    16.7 
18.4    33.0    18.5 

Dickinson 

F.P. 
S.P. 

1 
2 

24.0 
34.0 

39.0 
44.5 

31.1 
24.1 

1.2 
6.0 

H 
H 

34.8 
19.7 

20.2    21.5 
19.2  124.6 

Williston .  . 

F.P. 
S.P. 

1' 
2 

0.6 
0.5 

3.8 
5.2 

46.1 
30.9 

14.8 
15.0 

22  0    17.4 
29.1  |16.1 

Hettinger 

F.P. 
S.P. 

1 
2 

23.5 
24.6 

27.1 
33.8 

9.2    19.9 
18.2  i25-5 

Average  . . 
It 

F.P. 
S.P. 

4 

8 



18.9 
,21.2 

CORN  FODDER  (POUNDS  PER  ACRE) 

Edgeley.  .  . 

1  F.P. 
;  S.P. 

6     313012180  4865    1390 
21     2190.1990   5110    1660 

4730  !  5075  i  3790 

4560    6430  4470 

1 

37M    3745 
4170    3825 

Dickinson 
t* 

F.P. 
S.P. 

5 

17 

2130 
2740 

5760 
5590 

3640 
3650 

3480 
4200 

H 
H 

4130 
3510 

2640    3630 
3170    3810 

Williston 

Average .  . . 

Al!  Stations 

F.P. 
S  P. 
F.P. 
S.P. 

5 
13 
16 
51 

1704 
1612 

3331 
4151 

• 

6908 
5817 

9340 
8780 

7500    7655 

7672    7545 

5O10 

506  C 
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TABLE  XVI.— DISKING  VERSUS  PLOWING  CORN  GROUND  AS  A  PRE 

PARATION  FOR  WHEAT  AND  OATS. 


Station 

No 
Treat-     of 
ment     pits 

Bushels  Per  Acre 

■ 

1907  1 1908  1  1909    1910    1911  |  1912    1913    1914    Av. 

WHEAT 

EMgeley 

Disked 
Plowed 

12 
3 

13.4 
12.9 

i8:i 

18.3 

27.7 
29.5 

5.7 
5.2 

2.6 
1.0 

33.6 
35.9 

23.6 
22.8 

17.0 
16.7 

17.7 
17.8 

Diddnaon 

Disked 
Plowed 

9 
3 

• 

32.4 
34.6 

38.0 
38.4 

22.7 
24.8 

3.8 
7.3 

H 
H 

27.8 
27.8 

15.3 
13.7 

23.3 

24.4 

Wilhston 

Disked 
Pbwed 

7 
2 

0.9 
0.7 

5.8 
.3.7 

39.7 
37.4 

15.3 
15.3 

19.5 
25.1 

16.2 
16.4 

Hettinger 

»9 

Disked 
Plowed 

11 
3 

17.5 
11.9 

18.4 
20.7 

11.7 
11.3 

15.9 
14.6 

All 
Stations 

Disked 
Plowed 

18.3 
18.3 

OATS 

Ediceley 

Disked 
Plowed 

'7 
2 

28.1 
15.2 

20.1 
20.8 

55.3 
59.8 

7.9 
7.8 

3.6 

7.1 

60.4 
73.6 

43.5 
40.6 

48.2 
42.2 

33.4 
33.4 

Dickinson 

99 

Disked 
Plowed 

5 
2 

65  0 
55.8 

75.6 
70.8 

40.7 
36.7 

12.8 
6.0 

H 
H 

64.2 
47.7 

26.7 
18.9 

47.5 
39.3 

WUUston . . 

Disked 
Plowed 

3 
2 

2.5 

1.7 

15.0 
10.0 

64.1 
69.7 

42.5 
46.8 

65.5 
65.1 

37.9 

38.7 

Hettinger 

99 

Disked 
Plowed 

6 

2 

26.0 
25.3 

41.8 
40.2 

38.8 
31.8 

25.5 
32.4 

All 

Stations 

Disked 
Plowed 

38.6 
35.9 
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In  the  barley  tables  a  general  relation  is  shown  in  the  yields 
as  effected  by  the  previous  crop.  There  is  an  exception  at  Dickin- 
son, where  continuously  cropped  land  yields  an  increase  of  2.3 
bushels  over  barley  following  oats,  while  at  Hettinger  the  yields  are 
not  comparable  because  of  a  difference  of  soil  type.  In  the  final 
average,  however,  com  land  ranks  first,  oats  land  second,  with 
land  continuously  cropped  to  barley  producing  the  lowest  yields. 

FALL  PLOWING  VERSUS  SPRING  PLOWING 

In  considering  the  results  of  this  trial  of  fall  plowing  com- 
pared with  spring  plowing  it  should  be  remembered  that  in  prac^ 
tice  it  would  not  be  possible  to  spring  plow  a  very  considerable 
acreage  without  having  some  of  it  done  at  much  more  unseason- 
able time  than  was  the  case  in  these  experiments.  Also  that  fall 
plowing  could  be  done  in  farming  practice  at  times  when  the  re- 
sults would  compare  more  favorably  with  the  fall  plowing  repre- 
sented by  this  trial. 

Time  of  plowing  is  a  problem  that  confronts  every  farmer 
The  solution  is  determined  largely  by  the  local  conditions.  Rules 
that  would  apply  under  one  condition  might  not  apply  under  an- 
other. It  is  evident  frojn  a  study  of  Table  No.  XV  that  spring 
plowing  has  averaged  a  little  better  than  fall  plowing  for  all  crops 
except  wheat  where  both  practices  show  the  same  average.  Study 
ing  the  results  from  the  standpoint  of  station  averages,  it  will  \h 
observed  that  fall  plowing  has  given  better  results  in  four  it 
stances,  namely  at  Dickinson  (1)  with  wheat,  at  Edgeley  with  oats 
and  at  Williston  with  barley  and  with  com.  The  results  from  yeai 
to  year  are  not  consistently  in  favor  of  either  practice.  •  Takinj 
the  total  number  of  station  years  when  results  are  obtained,  it  maj 
be  noted  that  in  nearly  sixty  per  cent  of  the  tests,  spring  plowed 
land  produced  the  higher  yields. 

It  may  be  concluded  from  these  results  that  time  of  plowin) 
may  be  adjusted  to  suit  the  convenience  of  the  farmer  and  tb 
amount  of  moisture  in  the  soil. 

DISKING   VERSUS    PLOWING   CORN   GROUND 

Some  of  the  experiments  afford  a  chance  to  compare  disking  witt 
plowing  com  ground  as  a  means  of  preparing  it  for  both  whea 
and  oats.  The  results  are  presented  in  Table  No.  XVI.  It  shov;" 
but  slight  differences  in  the  average  yields  of  wheat  produced  h 
the  two  methods.  In  some  years  one  practice  gives  slightly  bel 
ter  yields  while  in  other  seasons  conditions  are  reversed.  Simila 
results  have  been  secured  with  oats,  except  at  Dickinson  whet 

1.  In  connection  with  the  Dickinson  results,  it  is  well  to  note  that  tl 
1912  crops  were  destroyed  by  hail.  As  a  result,  fall  plowing  was  done  earli< 
than  usual,  while  the  land  to  be  spring  plowed  in  1913  supported  partly  r 
covered  crops  and  a  considerable  growth  of  weeds  during  the  remainder  i 
the  season.  No  doubt  this  wUl  explain  why  the  Dickinson  results  tor  19^ 
lire  90  decidedly  In  favor  pf  fall  plowing.  i 


corn  stubble  When  disked  has  given  an  avex^ge  of  8.^  bushels 
more  than  when  plowed. 

At  none  of  the  stations  is  the  advantage  in  favor  of  plowing 
com  land  sufficient  to  pay  for  the  extra  cost  of  plowing.  The  re- 
sults obtained  thus  far  indicate  that  disking  com  land  is  a  practice 
well  adapted  to  the  greater  portion  of  North  Dakota. 

HARROWING. 

Probably  no  implement  is  more  commonly  or  widely  used  for 
mulching  than  is  the  ordinary  spike-tooth  harrow.  By  its  use  the 
surface  is  pulverized  and  leveled,  and  weeds  just  starting  are 
killed.  It  may  be  used  when  plants  attain  a  height  of  several 
inches  and,  in  the  case  of  com  and  potatoes,  this  will  save  consid- 
erable cultivation.  But,  unless  there  are  weeds  to  be  killed,  or  the 
soil  is  lumpy  or  cracking,  there  is  little  to  be  gained  by  harrowing. 

WEEDING 

In  some  localities  the  weeder  is  highly  recommended  as  a  sub- 
stitute for  the  harrow,  but  from  what  little  data  we  have  at  hand, 
there  is  nothing  to  indicate  that-  its  value  for  tillage  justifies  its 
mitial  cost  or  even  the  cost  of  operation. 

CULTIVATION 

For  cultivated  crops  it  is  evident  that  the  use  of  the  cultivator 
is  usually  not  necessary  until  the  plants  are  too  high  for  harrow- 
ing and  then  primarily  for  weed  destruction.  From  experiments 
carried  on  at  a  number  of  stations  in  regard  to  com  cultivation,  it 
R^as  concluded  that  cultivation  of  com  was  of  very  little  avail,  ex- 
cept to  kill  weeds.  Com  yields  were  practically  as  high  where  the 
8?eeds  were  kept  down  by  being  clipped  off  with  the  hoe  as  they 
^ere  when  it  was  well  cultivated.  It  appears  then  that  very  little 
is  to  be  gained  by  cultivation  so  long  as  sufficient  mulch  is  re- 
tained to  prevent  baking  and  cracking,  or  unless  there  are  weeds 
to  be  killed. 

GENERAL  DISCUSSION 

This  bulletin  presents  some  of  the  results  of  work  in  crop  ro- 
ation  and  cultivation  methods  that  was  started  in  1906  at  Edge- 
ey,  in  1907  at  Dickinson,  in  1909  at  Williston,  and  in  1911  at  Het- 
inger.  It  has  been  continued  without  break  at  each  place  since  it 
^as  started. 

Climatic  conditions  are  the  chief  determining  factors  in  crop 
)roduction  in  this  section.  Of  these  the  most  important  are  the 
unount,  distribution  and  character  of  the  rainfall,  the  amount  and 
ntensily  of  evaporation,  and  for  some  crops  the  length  of  the  f rost- 
ree  period.  The  problem  of  the  farmer  is  how  to  make  the  most  ef- 
icient  use  of  the  limited  supply  of  water  in  converting  the  fertility 
rf  the  soil  into  profitable  products.  A  study  of  the  work  in  hand 
hows  a  marked  general  relation  between  the  amount  of  precipita- 
ion  during  the  growing  season  and  the  average  yield  of  crops  from 
dl  methods.    This  relationship  is  much  closer  than  that  between 
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ftHnual  precipitation  and  yields.  From  all  available  records  it  ap- 
pears that  the  average  length  of  the  frost-free  period  has  beec 
129  days  at  Edgeley,  119  days  at  Williston,  and  110  days  at  Dick- 
inson. The  record  at  Hettinger  is  far  too  short  a  period  to  be 
comparable  with  that  of  the  other  stations.  The  uncertainty  oi 
the  length  of  the  period  between  frosts  which  is  shown  in  detail 
in  Figure  No.  9  is  as  important  a  factor  in  determining  the  choice 
of  crops  and  varieties  as  is  the  average  length  of  the  period. 

The  absence  of  an  underground  supply  of  water  such  as  ^ 
water  table  common  in  more  humid  sections  is  a  distinguishing 
feature  of  soil  conditions  in  western  North  Dakota.  On  land  thai 
is  cropped  every  year  the  rainfall  seldom  penetrates  below  the 
fourth  or  fifth  foot  and  is  generally  all  removed  by  the  crop. 
When  land  is  fallowed  in  seasons  of  heavy  precipitation,  moisture 
has  been  stored  at  Dickinson  and  Williston  to  the  depth  of  eight  tc 
nine  feet.  Popular  belief  has  generally  overestimated  the  percent- 
age of  the  total  rainfall  that  can  be  stored  by  even  the  most  in- 
tensive methods.  Extensive  studies  made  in  connection  with  this 
work  have  shown  that  even  in  systems  of  alternate  cropping"  i1 
has  not  been  possible  to  store  in  the  soil  more  than  one-third  oi 
the  rain  that  fell  during  the  fallow  period.  It  has  also  been  showr 
that  stored  moisture  alone,  unaided  by  fairly  seasonal  rainfall,  has 
not  been  able  to  mature  a  crop. 

Crops  on  shallow  soil  such  as  the  work  is  located  on  at  Edge- 
ley  are  much  more  dependent  upon  rain  that  falls  while  they  arc 
growing  than  are  crops  on  deeper  soils  of  greater  capacity  for  the 
storage  of  available  water  such  as  the  soil  at  Dickinson.  CultivH' 
tion  is  of  much  greater  importance  in  preventing  the  growth  o^ 
weeds  than  it  is  in  maintaining  a  soil  mulch. 

The  average  annual  yields  show  the  relatively  great  import 
ance  of  seasonal  conditions  in  determining  production.  They  als< 
show  the  relative  safety  of  production  of  a  crop  of  com  foddei^ 
Comparison  of  the  yields  following  summer  tillage  and  those  fol- 
lowing a  grain  crop  shows  that  at  none  of  the  stations  excepi 
Dickinson  is  there  any  marked  increase  in  favor  of  the  summei 
tillage  except  in  dry  years.  From  the  standpoint  of  average  pro 
duction  in  a  series  of  years  it  is  of  doubtful  value  as  a  genera, 
practice  in  western  North  Dakota.  It  may  have  a  temporary  plac< 
as  a  partial  insurance  against  crop  failure  in  the  more  unfavorably 
years. 

A  comparison  of  the  yields  following  com  and  those  foUowini 
fallow  indicates  that  fallow  has  little  advantage  over  com  as  1 
preparation  for  the  growth  of  spring  grains  in  North  Dakota.  ThJ 
realization  of  the  value  of  the  corn  crop  in  North  Dakota  is  depend 
ent  upon  its  utilization  as  feed.  The  development  of  livestock  in 
dustry  and  the  growth  of  com  for  feed  will  insure  practically  a^ 
good  returns  of  grain  and  will  put  agriculture  upon  a  much  mor 
stable  and  remunerative  basis  than  will  the  general  use  of  f&Uo^ 
as  a  unit  in  a  grain  growing  system.  Green  manuring  with  eith( 
rye,  field  peas  or  clover  has  not  produced  results  favoring  the  pra< 
tice. 


The  use  of  barnyard  manure  in  connection  with  fallow  has  in- 
Teased  the  yield  over  that  from  land  fallowed  without  manure, 
rhe  effect  of  the  manure  has  been  exhibited  in  increased  yields 
for  at  least  three  years  following  its  application. 

While  some  of  the  sod  crops  are  valuable  in  themselves,  the 
Tops  that  foDow  when  they  are  broken  are  generally  decreased  in 
field.  This  indicates  that  sod  crops  should  not  enter  into  short  ro- 
^tions  in  this  section.  The  small  grains  generally  yield  higher 
ifter  com  than  after  small  grain.  They  generally  yield  higher 
rfter  one  of  the  other  small  grains  than  they  do  after  themselved. 
fhe  differences  in  the  relative  yields  following  fall  and  spring 
)lowing  are  largdy  determined  by  the  season.  On  the  whole  there 
s  so  little  average  difference  as  to  indicate  that  time  of  plowing 
nay  be  adjusted  to  suit  the  convenience  of  the  farmer  except  as 
t  may  be  determined  by  the  amount  of  moisture  in  the  soil. 

Disking  com  stubble  that  has  been  kept  free  from  weeds  has 
)roven  to  be  fully  as  good  a  preparation  as  plowing  it.  At  none  of 
lie  stations  has  the  advantage  in  favor  of  plowing  it  been  suffi- 
aent  to  pay  for  the  extra  cost  of  plowing. 

CONCLUSIONS. 

1.  Climatic  conditions  are  the  chief  determining  factors  in 
lop  production  in  western  North  Dakota. 

2.  The  amount  of  rainfall  during  the  growing  season  is  a 
)etter  criterion  of  crop  production  than  is  the  annual  rainfall. 

3.  Available  records  show  the  average  frost-free  period  to 
te  129  days  at  Edgeley,  119  days  at  WiDiston,  and  110  days  at 
Dickinson. 

4.  Even  with  alternate  cropping,  water  is  seldom  stored  to  a 
freater  denth  than  that  from  which  annual  crops  can  recover  it. 

5.  While  stored  water  may  be  of  value  in  supplementing  rain- 
all,  it  is  unable  in  itself  to  mature  a  crop  in  westem  North  Da- 
rota. 

6.  Shallow  soils  are  not  as  responsive  to  tilUge  as  are  deeper 

oils. 

7.  Prevention  of  the  growth  of  weeds  is  a  much  more  import- 
ant function  of  cultivation  than  is  the  maintenance  of  a  mulch. 

8.  Summer  tillage  has  a  certain  value  as  insurance  against 

fop  failure.    It  has  not,  however,  increased  average  yields  over 

nose  obtained  by  other  methods  enough  to  warrant  giving  it  more 

han  a  secondary  and  temporary  place  in  the  agriculture  of  this 
ection, 

9.  The  application  of  barnyard  manure  has  shown  marked 

10.  Sod  crops  should  not  enter  into  short  rotations. 

11.  Neither  fan  nor  spring  plowing  has  a  marked  advantage 

^o^^S^.  ^  ^*^®^  ^  *®  average  of  a  series  of  years. 

fiH  1!l*^®^'1?  ^*  "^^  ^^^^^  *  ^"^P  0'  co™  has  been  raised, 
M  kqrt  tree  from  weeds,  is  as  good  a  preparation  for  the  sue- 
*wing  grain  crop  as  plowing. 
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TOMATOES  FOR  NORTH  DAKOTA 


(A)  PRBUMINART  REPORT  ON    SOME  TOMATO    EXPERIMENTS 

And 
(B)  SOME  GENERAL  INFORMATION  ON    TOMATO    GROWING 

By  H.  O.  Werner. 


Tomatoes  can  very  easily  be  produced  in  North  Dakota  if  a  f  3W 
cultural  principles  are  observed  wid  th<e  proper  varieties  pl*anted. 
Lhirmg  the  past  season  the  North  Dakota  Experiment  Station  has 
carried  on  a  number  of  experiments  with  toraatoeji  in  which  the 
plants  were  handled  in  different  ways.  During  the  season  a 
rather  complete  variety  and  strain  test  of  tomatoes  was  conducted. 
In  this  trial,  eighty-seven  different  varieties,  comprising  one  hun- 
dred and  twenty-two  strains  of  tomatoes,  were  used.  In  this  publica- 
tion  a  report  of  the  results  of  the  first  year's  work  is  given,  together 
with  other  information  on  the  growing  of  tomatoes. 

The  tomato,  being  of  tropical  origin,  requires  a  high  tempera- 
ture, a  large  amount  of  sunshine  and  a  long  growing  season.  As  it  is 
very  easily  injured  by  cold,  tha  outdoor  season  for  growing  tomatos 
lies  between  the  dates  of  the  last  spring  frost  and  the  first  frost  in 
antnmn,  which  in  this  vicinity  is  usually  from  May  20th  to  Sep- 
tember 15th. 

The  aarliest  tomatoes  are  produced  on  rather  light,  warm^ 
sandy  soils,  while  the  largest  yields,  as  well  as  the  largest  and  most 
solid  tomatoes,  are  generally  produced  on  the  heavier  soils.  The 
soil  should  not  have  an  excessive  amount  of  available  nitrogen  or 
there  will  b<;  danger  of  causing  too  much  vine  growth  at  the  expense 
of  frtdt  production.  On  this  account,  when  used  directly  for  a 
tomato  crop,  manure  should  be  well  rotted  and  not  applied  too 
heavily. 

DETAILS  OF  CULTURAL  EXPERIMENTS 

In  the  cultural  'experiment,  twenty  plants  were  used  in  each  plot. 
Ten  of  these  plants  were  of  the  Adirondack  Earliana  variety,  and  the 
other  ten  plants  were  of  the  Bonny  Best  variety.  The  rows  were  4.5 
feet  apart  and  the  plants  3.5  feet  apart  in  the  rows,  giving  2760 
plants  per  acre. 

The  soil  used  is  of  the  Fargo  Clay  type,  which  is  a  heavy 
black  surface  soil  with  a  sub-soil  generally  of  the  same  color  and 
texture,  but  sometimes  of  a  drab  color  at  a  depth  of  20  to  40  inches. 
The  plot  is  nearly  level,  but  the  soil  is  well  drained.  AU  soil  con- 
ditions are  so  uniform  that  ten  plants  to  a  plot  give  praxjtically  as 
gt>od  results  as  larger  sized  plots  would  do. 

Except  where  otherwise  stated  in  these  tests,  the  seed  was 
soyv^n  March  26th  in  the  greenhouse,  the  plants  were  transplanted 
tto  fiats  in  three  week  and  three  weeks  after  that  shifted  to  3.5  inch 
clay  pots  in  which  they  were  held  until  set  in  the  field  on  May  20th. 
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PLANTING  DISTANCES. 

On  rich,  heavy  soils  the  standard  varieties  of  tomatoes  are 
planted  four  feet  by  four  feet  or  five  feet  by  five  feet.  On 
poorer  soils  the  plants  should  be  set  more  thickly.  The  dwarf  va- 
rieties can  be  planted  three  feet  apart,  in  rows  four  feet  apart. 

DATE  OF  SOWING  SEED. 

Under  favorable  conditions  the  earliest  varieties  of  tomatoes  re- 
quire 100  days  from  the  time  the  seed  is  sown  until  the  first  ripe 
£ruit  is  produced.  In  this  strain  test  of  the  Earliana  the  first  ripe 
tomatoes  were  harvested  on  July  14th — 110  days  from  the  date  lie 
fieed  was  sown. 

With  these  strains  it  was  found  that  the  largest  tomatoes  were 
produced  between  August  3rd  and  August  14th  or  130  to  140  days 
from  the  time  the  seed  was  sown.  The  average  weight  per  fruit 
gradually  increased  until  that  time  and  then  gradually  but  evenly 
decreased.  The  average  weight  per  fruit  when  at  the  maximum  size 
was  generally  about  30  per  cent  greater  than  the  average  weig];it  per 
fruit  for  the  entire  season. 

It  was  furth'er  found  that  the  various  strains  of  Earliana  did 
not  produce  their  maximum  amount  of  marketable  tomatoes  per  dav 
until  September  8th  to  15th,  or  in  other  words,  they  did  not  reach  their 
maximum  yielding  capacity  until  165  to  175  days  from  the  date  the 
seed  was  sown.  In  Table  I  is  shown  the  average  amount  of  mar- 
ketable fruit  ripened  per  plant  per  day,  through  the  entire  season 
by  each  of  the  eleven  strains  of  Earliana.  The  figures  given  are  in 
grams  of  fruit  per  plant.  One  pound  is  equal  to  450.  grams.  (For 
the  names  and  sources  of  the  various  strains  see  Table  Vlil.)  From 
Table  I  it  will  be  noticed  that  six  of  the  strains  gave  their  maximum 
yield  by  September  8th  and  the  other  five  by  September  15th.  The 
drop  in  the  yield  of  most  of  the  stmins  during  the  latter  part  of  Au- 
gust was  due  to  a  prolonged  spell  of  cool,  wet,  cloudy  weather  tiiat 
was  very  unfavorable  to  tomato  production. 


TABLE    I.— AVERAGE   WEIGHT   OF   MARKETABLE    FRUIT   RIPENING 
PER  DAY  PER  PLANT. 

( 


Time  of  Season.                                                   j 

Rec.No. 

July 

July 

Aug. 

Aug.    1  Aug. 

Aug.     Aug. 

Sept.    Sept. 

Sept 

23 
13 

28 

3 

7 

14 

20         31 

8          16 

22 

1 

15   :  60. 

186. 

198.3;  287.6    147.2  '433.5 

278.4 

148.6 

2 

18.2 

1.7,  59.1 

149.3    177.9    190.3    132.9    338.2 

192.3 

183.1 

3 

19.8 

3.7    27.       175.6,  172.6;  157.6!  136.     ;310.i;256.9 

185.7 

4 

18. 

2.6:  48.6 

134.4 

185.3 

104.2    133.9    284.6:263.1 

186.1 

6 

7.1 

7.7 1     96. 

141.9 

95.9    109.6    286.8:212.3  142.6 

6 

7.6 

14.2 

88.6    140.9    136.7    109.4    292  6. 466. 4 1188. 8 

7 

13.3 

3.3    26.3 

77.5    134.8      91.4!     70.7.248.3,264.    1149. 

8 

17.4 

5.3    54.7 

161.3    148.2    112.4 1  108.4 

276.6 

360.     217.1. 

9 

31.6 

1.7    43.7,     77.9    169.7 i  158.    1  143.9 

273.4 

421.8   176.4 

10 

13,9 

,  12.9    111.       164.6!  1.37.3    120.4    321.7 :  356.6  j  166.6 

11 

5.7 

7.4    121.       149.1 

137.3    109.6 

366.2 

271.2 

158.9 
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The  dates  for  th^  first  ripe  fruit,  maximum  size  and  mftYiTrmTn 
yield  given  for  the  Earliana  are  about  the  same  as  were  secured  for 
the  Juoe  Pink,  while  the  ripening  dates  for  the  Bonny  Best  are  a 
fcfur  days  later.  The  Chalk's  Jewel  attains  the  same  degree  of  ripe- 
ness about  ten  days  later  than  the  Earliana.  Many  varieties  did  • 
not  reach  their  maximum  yield  because  of  their  requiring  too  long 
a  season. 

A  short    growing  season   may   be   lengthened  hy  sowing  the  • 
tomato  seed  indoors  or  under  glass  before  th<e  plants  can  be  set  in 
the  field.  The  best  glass  structure  for  the  farmer  is  a  manure  hot  bed, 
(described  in  circular  No.  5  of  this  station.) 

From  the  experimental  results  shown  in  Table  II  it  may  be  seen 
that  in  both  varieties  prior  to  August    20th  the  most    tomatoes  were 

TABLE  II.— DATE  OF  SOWING  SEED. 


Plot 
No. 


Marketable  Fruit  Per  Plant. 


Treatment 


Weight  I  Total 
ltoAug20 1  Weight 


Ave.  Wt 
Per  fruit 


Perot  I 

of  fruit  I 

Market^ 

able 


H 


9 

2 

10 

6 

11 

12 

13 

14 


EARLIANA 


ft 


»f 


t* 


Seed  Sown  Feb.  27 

"      "   March  6 
Seed  Sown  March  16 
March  26 
April  6 
Seed  Sown  April  16> 
Settaliel()J\inel 
Seed  Sown  in  cold  Frame 
Apr.  16.  Set  to  field  June  13 
Seed  sown  in  field  May  21 


1.45  lb.  20.    lb. 
2.12"   :  21.9" 


1.86 
2.05 
2.49 

1.11 


I) 

>> 


tt 


If 


26.3 
29.2 
19.1 

26.0 


tt 


tt 


tt 


tt 


72.8 
90.8 
92.8 
107.6 
70.4 

90.2 


4 .  39  oz 
3.86  " 
4.53  " 

4.34  " 

4.35  " 


.05  " 
.06  " 


8.9  " 
11.4 


4.61 


tt 


27.5  I  5  20  " 
39.     I  4.67  " 


93.5 
90. 
92.2  1 
93.9 
92.5  j 

93.7 

98. 
93.7 


BONNY  BEST 


9 

2 

10 

6 

11 

12 

13 


Seed  Sown  Feb.  27. 

"     March  6. 
Seed  Sown  March  16. 
March  26. 
April  6. 
Seed  Sown  April  16, 
Set  to  field  June  1 
Seed  Sown  in  cold  Frame 
Apr.  16.  Set  to  field  June  16 


9t 


ff 


f» 


.131b 
.88  " 
.04  "  1 
.45  "  1 
.9    " 

9.21b. 

13.5  " 

15.6  " 

18.7  " 

16.8  " 

28.4 
33.8 
38.7 
54.4 
57. 

.38  "  i 

1 

8.4  " 

22.7 

0      1 

3.1   " 

9.1 

5.0   oz. 

85.1 

6.37  "    ; 

87.6 

6.44  "    ' 

93.6 

5.5    "    1 

94.7 

4.7     " 

91.2 

5.91 
5.45 


*r 


tt 


96.7 
97.3 


produced,  on  the  plants  started  April  6th  (plot  11)  followed  by  those 
rtarted  March  6th  (plot  2)  while  next  in  order  were  those  of  March 
26th  (plot  6).  In  both  varieties  the  total  yield  was  lowest  from 
the  plants  started  in  the  cold  frames  the  middle  of  April  (plot  13"^ 
and  set  in  the  field  the  middle  of  June.  These  plants  were  checked 
when  small  because  of  the  low  temperature  at  which  they  were 
started.  Plants  sown  on  t-he  same  date  but  given  better  conditions 
in  plot  12  in  the  greenhouse  gave  decidely  better  results.  Seed  sown 
in  tiie  open  ground  on  the  21st  of  May  gave  a  profitable  yield  when 
the  Earliana  variety  was  used.  On  account  of  the  long,  warm, 
sonny  days  just  after  May  21st    this  plot  produced  some  fruit  in  91 
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days,  but  did  not  have  time  to  reach  its  maximum  yield.  In  a  long 
season  such  as  that  of  1914,  growing  tomatoes  in  this  way  would  be 
profitable,  but  as  the  average  season  is  at  least  ten  days  shorter  the 
pnactiee  of  the  field  sowing  of  the  seed  is  not  recommendied.  The 
lower  yields  from  the  plants  of  the  earlier  sowings,  are  due  to  thi 
plants  having  become  too  large  to  be  transplanted  without  receiving 
a  serious  check  in  their  growth.  The  Bonny  Best,  being  a.  later  va- 
riety seems  to  do  slightly  better  when  sown  early  than  does  the 
Earliana.  These  results  indicate  that  the  last  week  in  March  is  the 
best  time  for  sowing  tomato  seed    in  North  Dakota. 

METHODS  OF  RAISING  PLANTS. 

For  sometime  the  standard  method  of  raising  tomato  plants  for 
the  earliest  fruit,  has  been  to  sow  the  seed  early  and  transplant 
several  times,  making  the  final  planting  in  earth  or  paper  pots  as  de- 
scribed in  this  article.  Dirt  bands  have  become  very  popular  for 
•raising  early  plants.  These  dirt  bands  are  strips  of  wood  or  paper, 
constructed  in  the  form .  of  bottomless  cubes  or  cylinders.  They  are 
filled  with  soil  and  several  seeds  are  sown  in  each  dirt  band.  Later 
all  but  one  of  the  plants  in  each  band  are  pulled  up.  The  plants  are 
not  transplanted  until  they  are  ready  to  set  in  the  field.  This  system  of 
raising  tomato  plants  has  generally  produced  the  earliest  tomatoes. 
The  results  obtained  at  this  station  are  shown  in  Table  III.    It  is  seen 

TABLE  III.— METHOD  OF  JRAISING  PLANTS. 


Marketable  Fruit  Per  Plant 

Perct 

Plot 
No. 

of  fruit 
market 

Treatment. 

Wt.to 

Total 

No.of  1  Ave.  Wt 

AuK.20 

Weight 

fruits! 

per  fruit 

able 

EARL] 

[ANA 

Plants  Not  Transplanted 

22 

Seed  Sown  in  4  in.  pots 

1.411b 

20.91b. 

88 

3 .  80  oz. 

91.9 

23 

Seed  Sown  in  Dirt  Bands 

3.49  " 

26.7  " 

100 

4.28  " 

!  91.5 

24 

Seed  Sown  in  Flats  and  thinned 
Plants  Transplanted  Once 

.63  " 

,  28.9  " 

94 

4.91  •• 

93.2 

1 

26 

To  Flats,  2  in.  apart 
Plants  Transplanted  Twice. 

.31  " 

20.5  " 

68 

4.74  " 

94.6 

26 

Last  to  Paper  Pots. 

2.13  " 

29.9  " 

99 

4.84  " 

91.9 

27 

Last  to  Flats  ( 4  in.  apart.) 

1.06  " 

27.0  " 

100 

4.32  " 

93.3 

28 

Last  to  Tin  cans. 

2.60  " 

1  27.5  " 

106 

4.17  " 

91.5 

6 

Last  to  Earth  Pots. 

2.05  " 

29.2  " 

108  ' 

4.34  " 

93  9 

B( 

3NNY  BE 

:sT. 

1 

Plants  Not  Transplanted 

22 

Seed  Sown  in  4  in.  pots 

.951b 

1  19.81b. 

61 

5.150Z 

91.8 

'    23 

Seed  Sown  in  Dirt  Band. 

1.57  " 

20.1  " 

64 

5.42  " 

:  93.3 

24 

Seed  Sown  in  flats  and  thinned 

.50  " 

17.7  " 

53 

5.34  " 

91. 

• 

Plants  Transplanted  Once. 

' 

25 

To  Flats,  2  in.  apart 
Plants  Transplanted  Twice 

.59  r 

15.2  " 

1 

42 

5,90  " 

;   91.9 

1 

26 

Last  to  Paper  Pots. 

.32  " 

17.8  " 

51 

5.64  " 

1  98. 

27 

Flats  (4  in.  apart.) 

.66  " 

17.4  " 

57 

4.90  " 

94.7 

28 

"     "    Tin  Cans. 

1.56  " 

21.7  " 

68 

5.12  " 

94.6 

6 

"     "    Earth  Pots. 

.45  " 

18.7  " 

54 

5.50  " 

94.7 
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here  that  in  both  varieties  the  most  early  tomatoes  were  gotten  from 
the  plants  raised  in  dirt  bands  (plot  23).  Next  to  this  in  point  of  earli- 
ness  came  the  plot  in  which  the  tomato  plants  were  transplanted 
twice  with  the  final  shift  in  the  regular  No.  3  (2  lb.)  tomatoe  cans.  The 
plants  raised  by  these  two  methods  had  more  soil  available  for  root  de- 
velopment than  the  plants  of  the  other  plots  and  when  moved  to  the 
field  their  root  systems  were  not  disturbed  at  all.  The  early  fruiting 
tendency  of  these  plots  was  probably  due  to  the  fact  that  when  set  in 
the  field  the  plants  had  a  strong  root  system  and  were  in  a  position  to 
develop  fruit  buds  earlier  than  the  plants  in  the  other  plots.  The 
low  yield  of  fruit  prior  to  August  20th  in  plot  24  (seed  sown  in  flats 
and  thinned)  and  plot  25  (transplanted  once  to  flats)  is  accounted 
for  by  these  plants  having  been  weak  and  spindly,  because  of  a 
lack  of  sufl5cient  space  for  the  tops  to  develop  and  also  to  an  unavoid- 
able breaking  up  of  the  root  system  when  transplanting  the  plants 
Of  all  the  plots  in  this  series,  the  most  stocky  plants  wei^.  those  raise  i 
in  dirt  bands  and  tin  cans.  In  comparing  total  yields  of  the  two 
varieties  the  results  do  not  agree  exactly.  The  tendency  of  the 
Earliana  seems  to  have  been  to  poroduce  more  fruit  on  the  plants  that 
were  transplanted  twice  (plots  6,  26,  27,  28)  while  the  Bonny  Best 
produced  slightly  more  fruit  on  the  plants  not  transplanted  at  all 
(plots  22,  23,  24.)  This  was  probably  because  the  several  trana- 
plantings  caused  slight  checks  in  the  growth  of  the  plants  from 
which  the  Bonny  Best,  being  a  later  variety,  did  not  recover  as 
thoroughly  as  the  Earliana.  With  both  varieties  one  transplanting 
\nth  plants  2  inches  apart  proved  the  poorest  method.  Comparing 
the  different  devices  into  which  plants  tare  transplanted,  no  appreci- 
able differences  appear  between  paper  pots,  earthpots  and  tin  cans. 
The  plants  given  two  transplantings,  the  flnal  one  into  flats,  produced 
a  small  amount  of  fruit  up  to  August  20th, — probably  because  of 
their  root  system  having  been  disturbed  when  set  in  the  field.  For 
ver\'  early  tomatoes  and  for  heavy  yields  per  plant  in  the  .home 
garden  the  waste  tin  cans  and  cheap  dirt  bands  can  be  used  to  pro- 
duce high  grade  tomato  plants  most  economically. 

DATE  OF  TRANSPLANTING    TO  THE  FIELD. 

With  both  varieties  the  tendency  to  produce  early  fruit  on 
plants  started  on  March  6th  and  transplanted  on  May  13th,  was 
noted.  See  Table  IV  plot  1.  The  May  20th  transplantings  (plots  2 
and  6)  were  next  in  earliness.  Plants  started  March  26th  and 
transplanted  May  20th  (plot  6)  proved  the  heaviest  total  producers. 
The  early  sown  seed  and  early  transplanted  plants  gave  the  earliest 
tomatoes.  Unless  frost  protection  can  be  given  no  tomato  plants 
should  be  set  out  before  May  20th.  Frost  protection  can  be  gtvdu 
by  putting  plant  forcers  (small  boxes  with  glass  tops)  over  the  plants, 
or  if  frost  is  expected  cover  the  plants  with  a  paper  sack  or  lay  the 
plants  down  and  cover  them  with  earth.  The  latter  is  the  method  that 
^w^as  used  to  protect  the  plants  in  plots  1  and  2,  from  several  hard 
frosts.  The  plants  were  all  very  much  over  size  by  June  1st  and  12th, 
and  received  very  serious  checks  when  transplanted,  which  accounts 
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TABLE  IV.— DATE  OF  TRANSPLANTING. 


Marketable  Fruit  Per  Plant         1 

Per  ct.; 

Plot 

i 

of  fruit; 
market 

No 

Treatment 

Wt.to 

Total 

No  .of  Ave.Wt. 

Aug.20 

Weight 

fruite 

per  fruit 

able 

EARLIANA 

Seed  Sown  March  6 

1 

Transplanted  May  13. 

3.501b 

16.81b. 

79 

3 .  42  oz. 

87. 

1      2 

May  20. 

2.12  " 

21.9  " 

91 

3.86  " 

90 

3 

June  1 

.79  " 

16.8  " 

69 

3.65  " 

93.5 

4 

1 

June  12. 
Seed  Sown  March  26 

.60  " 

16.3  " 

80 

3.46  " 

93.3 

5 

Transplanted  May  13. 

1.79  " 

17.1  " 

63 

4.31  " 

90.5 

b 

May  20 

2.06  " 

29.2  " 

108 

4.34  " 

93  9 

1      7 

June  1. 

B0NN1 

1.00  " 

21.2 

81 

4.17  " 

94.2 

fBEST 

Seed  Sown  March  6 

1 

Transplanted  May  13. 

.931b 

14.81b. 

64 

4.4  oz. 

88.6 

2 

May  20 

.86  " 

13.4  " 

34 

6.36  " 

b5A 

3 

June  1 

.09  '' 

9.2  " 

32 

4.63  " 

83.8 

4 

June  12. 
Seed  Sown  March  26. 

.06  '• 

10.2  " 

27 

6.14  " 

90.4 

5 

Transplanted  May  13. 

.97  " 

16.7  " 

63 

6.03  " 

98.9  ; 

6 

May  20. 

.46  " 

18.7  " 

64 

6  60  " 

94.7 

7 

Junel. 

.23  " 

13.9  " 

43 

6.15  •' 

91.7 

for  their  inferior  production.  From  Table  IV  we  notice  that  in  both 
varieties  the  tendency  was  to  produce  larger  fruit  on  the  plants 
started  at  the  later  date.  This  same  tendency  is  to  some  extent  shown 
in  Tabid  III. 

MBTHOD    OF    TRANSPLANTING. 


In  moving  the  plants  to  the  field,  they  should  be  set  several 
inches  more  deeply  than  they  were  growing  in  the  pots  or  flats.  If 
the  plants  have  grown  to  be  long  and  spindling  the  roots  should  be 
set  as  deeply  as  convenient  and  a  slight  furrow  made  away  from 
the  hole  dug  for  the  plant,  along  which  the  stalk  of  the  plant  is 
placed  and  then  covered  with  ground  until  only  the  top  two  or  three 
inches  are  left  uncovered.  Roots  will  then  he  produced  all  along 
this  buried  stem.  When  transplanting  tomatoes  it  is  a  good  plan  to 
remove  the  lower  leaves  and  trim  some  of  the  larger  leaves  to  avoid 
excessive  transpiration.  An  ordinary  garden  spade  is  about  the 
most  useful  tool  for  making  the  holes.  If  a  large  area  of  tomatoes 
is  to  be  set  out,  the  field  can  be  marked  off  by  plowing  furrows 
across  the  field  both  ways  and  setting  the  plants  at  the  intersections. 
The  effect  of  not  planting  deeply  enough  is  shown  in  the  results  ob- 
tained from  plot  15  (Tatle  V)  in  which  the  plants  were  set  merely 
as  deep  as  they  had  been  growing  in  the  pots.  In  both  varieties 
the  results  show  later  fruit  production,  a  smaller  total  yield  and 
fewer  and  smaller  fruits  than  from  plot  6  in  which  the  plants  were 
set  deeply. 
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TABLE  v.— FIELD  TREATMENT  AT  PLANTING  TIME. 


Plot 
No. 


Marketable  Fruit  Per  Plant 


Treatment 


Wt.to 
i  Aug.  20 

EARLIANA  " 


Total 
Weight 


No.  of 

fruits 


Per  ct. 

of  fruit 

Ave.  Wt.  ;market 
per  fruit      able. 


15 
17 


Normal  treatment,  (Deep 

planting,  no  manure) 
Plant  only  depth  of  plant  in  pot 
Manure  in  Rows 


2.051b 

29.2  " 

• 

108 

4.84  oz. 

93.9 

.82  " 
1.65  " 

22.5  " 
24.5  " 

88 
107 

4.08  " 
3^67  " 

92.1 
91 . 5 

'  T^EST. 

15 

17 


Normal  treatment,  (Deep 

planting,  no  manure) 
Plant  only  depth  of  plant  in  pot 
Manure  in  Rows 


45  lb 


.44 
.22 


18.71b.  I     64 


14.5  " 
12.2  " 


46 
43 


5.5  oz. 

5.09  " 
4.53  " 


94.7 

92.9 
90.8 


It  is  not  generally  considered  advisable  to     add  much  manure 

to  tomatoes.    In  these  experiments  one  of  the  furrows  was  filled  with 

thoroughly  rotted  manure  and  covered  with  ground  and  the  plants 

set  along  lihis  furrow.    Thd  result  was  later  first  fruits,    a   reduced 

total  yield,  smaller  tomatoes    and  a  lower  per  cent    of    marketable 

fruit  in  both  varieties,  as  compared  with  the  unmanured  plot  (Table 

V,  plots  17  and  6) . 

CUT    WORMS. 

Soon  after  the  tomato  plants  are  set  out  they  are  often  at- 
tacked by  cut  worms.  The  cut  worms  do  their  damage  by  cutting 
the  plant  off  just  below  the  surface  of  the  soil.  The  plants  can  be 
protected  from  them  by  wrapping  pieces  of  paper  around  the  stems 
80  that  the  stems  will  be  protected  for  about  two  inches  below  the 
surface  of  the  soil  and  a  slight  distance  above  the  soil.  Anotih:!r 
method  is  to  scatter  poisoned  bran  around  the  plants  for  the  purpose 
of  poisoning  the  cut  worms. 

CULTIVATING  AND  MULCHING. 

After  ttie  plants  have  been  properly  transplanted,  they  should 
be  cultivated  as  long  as  it  is  possible  to  get  through  the  rows  with 
a  horse,  in  order  that  the  loss  of  soil  moisture  may  be  reduced  to  a 
Tninimum.  In  lighter  soils, — that  dry  out  during  late  summer, — much 
of  the  soil  moisture  can  be  saved  by  mulching  with  a  coat  of  manure 
or  straw  at  the  time  that  cultivation  is  stopped  by  the  rank  growing 
vines.  Many  growers  train  the  tomatoes  on  trellises  or  stout  stakes, 
thus  keeping  the  vines  off  the  ground  and  permitting  continuous 
cultivation  during  the  entire  summer. 

ROOT  AND  TOP  PRUNING. 

Our  seasons  are  seldom  long  enough  for  even  the  early  varieties 
of  tomatoes  to  ripen  all  the  fruit  they  are  capable  of  producing  or 
that  the  plants  set.  To  see  if  there  are  not  some  methods  by  which  the 
maximum  crop  could  be  produced  per  plant,  experiments  were 
carried  on  involving  root  pruning  (Table  VI)  and  top  pruning  (Table 
VIL) 
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ROOT  PRUNING. 

The  roots  were  pruned  by  pulling  up  the  plants  so  as  to  loosea 
the  main  roots  and  tear  up  the  root  system  to  a  considerable  extent. 
This  was  done  on  July  23rd,  August  17th  and  September  Ist.  In 
both  varieties  it  stimulated  early  ripening  of  fruit,  as  it  caused  all 
the  fruit  that  was  on  the  plant  to  ripen  more  quickly.  The  plots 
pruned  at  the  two  'earlier  dates  (plots  20  .and  21)  produced  a  smaller 
total  crop  than  the  normal  treatment  (plot  6).  The  pruning  on  Sep- 
tember 1st  (plot  32)  produced  a  decided  increase  in  total  yield  over 
any  of  the  other  treatments  in  the  entire  experiment.  This  very 
high  yield  is  due  to  the  plants  having  been  stimulated,  by  the  prun- 
ing, (see  plate  I)  thus  ripening  practically  all  of  their  fruit  before 
the  close  of  the  season.  The  average  weight  per  fruit,  is  also  greater 
on  the  plot  pruned  on  Sejptember  1st.  This  seems  to  indicate  that 
root  pruning  is  very  effective  if  done  toward  the  close  of  the  season 
so  as  to  stimulate  the  ripening  of  all  fruit  that  has  already  been  set. 

TABLE  VI.— ROOT  PRUNING. 


Plot 
No. 

Treatment 

EAR 

Marketable  Fruit  Per  Plant 

Perct 

of  fruit 

mar't- 

able 

Wt.to 
Aug.20 

.LIANA. 

Total 
weight 

No.of  Ave.Wt. 
fruits    per  fruit 

20 

21 

32 

6 

Pulled  Loose  July  23 
Pulled  Loose  Aug.  17 
"    Sept.l 
Not  Pruned 

BONN 

2.161b 
2.73  " 

2.05  " 
[Y  BEST. 

27.91b. 
22.3  " 

32.1  " 

29.2  " 

110 

87 

114 

108 

4 .  06  oz. 
4.08  " 
4.51  " 
4.34  " 

89.9 
89.6 
91.4 
93.9 

20 

21 

32 

6 

Pulled  Loose  July  23 
"       Aug.  17 
"      Sept.  1 
Not  Pruned 

TABLE  VII. 

.401b 
1.30" 

.45  " 

—TOP  P] 

16 . 3  lb. 

18.4  " 
22.8  " 
18.7  " 

RUNING 

47 
58 
58 
54 

5 .  56  oz. 
5.07  " 
6.26  " 
5.50  " 

95.8 
91.3 
94.3 
94.7 

Plot 
No. 


Treatment 


Marketable  Fruit  Per  Plant 


Wt.to 
Aug.  20 


Total 
weight 


No.of  I  Ave.Wt. 
fruits  {per  fruit 


Perct 

of  fruit 

mar't- 

able 


EARLIANA 


34 

33 

31 

6 


Pruned  To  Fruit  Quster,  July  29 
July  29  (Buds  nipped) 
Aug.  17  (Buds  nipped) 
Not  Pruned 


2.631b 

24.81b. 

98 

4 .  67  oz. 

2.77  " 

23.4  " 

85 

4.43  " 

2.89  " 

25.4  " 

94 

4.30  " 

2.05  " 

29.2  " 

108 

4.34  " 

88.8 
87.2 
98.4 
93.9 


BONNY  BEST 


34 

33 

31 

6 


Ptiined  To  Fruit  Cluster  July  29 
July  29.     (Buds  nipped.) 
Aug.  17.  (Buds  nipped.) 
Not  Pruned. 


.851b. 
.72  " 
.66  " 
.45  " 


16.71b 
17.4  " 
21.3  " 
18.7  " 


41 

6 .  48  oz. 

42 

6.63  " 

60 

5.64  *' 

54 

5.50  " 

93.3 
93.6 
93.4 
»4.7 
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TOP   PRUNING. 

The  tops  were  pruned  in  one  plot  (34)  by  clipping  off  aU  of 
the  branches  to  a  fruit  cluster  on  the  20th  of  July.  In  the  other 
two  plots  the  terminals  of  all  the  branches  were  nipped  off. 

In  both  varieties  the  pruning  stimulated  early  fruit  production^ 
In  both  varieties,  in  all  but  one  plot  (No.  31-Ejarliana)  the  pruned 
plots  produced  larger  fruit  than  the  normal  plots.  On  the  other  hand^ 
in  only  one  plot  (No.  31-Bonny  Best)  did  top  pruning  result  in 
increased  total  production.  Evidently  top  pruning  is  of  greatest 
value  in  producing  larger  tomatoes. 

USB  OF  VERY  LATE  TOMATOES. 

In  the  early  fall  when  one  finds  that  a  frost  is  coming  the  t^>- 
mato  vines  can  be  covered  with  canvas  or  straw  and  saved,  if  there 
are  only  a  few  vines.  With  large  areas  the  plants  may  be  pulled  hy 
the  roots  and  hung  up  in  a  cool  place  where  they  will  not  freeze,  but 
will  be  able  to  ripen  most  of  the  fruit  on  the  vines;  or  the  green 
tomatoes  can  be  picked  and  placed  in  a  cool  place  and  allowed  to 
ripen  or  be  used  green  for  pickling.  Tomatoes  carefully  put  away 
while  green  at  this  time  will  ripen  in  from  four  to  eight  weeks.  They 
will,  however,  be  of  inferior  qualitv  as  compared  with  the  naturally 
ripened  tomatoes. 

VARIETIES  OF   TOMATOES 

During  the  summer  of  1914,  122  strains  of  tomatoes  were  tried 
out  at  this  station.  This  strain  test  is  being  used  as  the  basis  upon 
which  to  start  some  tomato  breeding  work.  In  this  work  the  object 
is  to  improve  our  present  early  varieties  of  tomatoes  and  to  secure  a 
better  quality  and  an  earlier  variety  than  any  we  have  now.  An  in- 
dividual  plant  record  is  kept  of  all  the  plants  in  the  various  straina,. 
and  the  seed  selected  from  the  best  plants.  To  gain  la  generatioit 
some  plants  are  raised  in  the   greenhouse   over  winter. 

THE  IDEAL  TOMATO. 

A  good  ideal  to  have  in  mind  when  selecting  a  variety  of  to- 
matoes for  this  section  is. — to  have  a  plant  of  the  standard  type  of 
medium  size  with  compact  and  vigorous  growth,  with  the  intemodes 
of  medium  length ;  -and  with  small  and  well  distributed  fruit  clusters. 
The  fruit  should  be  of  medium  size,  spherical  gdiape,  of  a  rich  retl 
oolor,  having  a  smooth  uncracked  surface  and  a  thin  tough  skin.  The 
interior  walla  of  the  fruit  should  be  thick  and  fine  grained.  The 
flesh  should  be  thick  and  firm  with  very  little  or  no  hard  core.  The 
seed  cavities  should  be  small  with  very  few  seeds.  (The  sketches 
on  Plate  II  will  illustrate  good  and  poor  meated  sections  of  to- 
matoes.)  The  calyx  should  be  small  and  should  part  readily  from  the 
fruit.  The  plant  should  produce  its  fruit  very  early,  about  ei^ht 
pounds  before  August  20th  and  in  a  season  lasting  till  September  ISth 
it  should  produce  25  pounds  of  marketable  fruit  per  plant. 
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In  our  trials  some  viarieties  have  come  up  to  this  standard  in 
the  point  of  yield  and  some  in  the  other  features,  but  no  one  va- 
riety has  come  up  to  the  standard  in  all  features.  In  the  variety  and 
strain  tests,  twelve  plants  were  raised  of  each  strain,  the  records  be- 
ing kept  of  the  ten  middle  plants  of  each  plot.  The  pLants  were  set 
4.5  feet  x  3.5  feet  at  the  late  of  2760  plants  per  acre.  The  seed 
was  sown  March  26th  and  the  plants  transplanted  twice,  being  finally 
grown  in  3.5  inch  clay  pots  and  set  in  the  field  on  May  20th. 

EARLIANA. 

At  the  present  time  the  Earliana  is  the  best  general  variety  of 
tomatoes  for  this  section.  Jt  is  a  light  red,  medium  size,  very  early 
and  a  heavy  yielding  tomato.  It  is  far  from  ideal,  the  fruit  being  gen- 
erally quite  rough  and  much  cracked,  of  p^or  color,  with  many 
large  seed  cavities  and  the  plants  generally  very  susceptible  to 
disease.  Seed  was  secured  from  10  different  seedsmen,  represent- 
ing 11  different  strains  of  this  variety.  This  seed  had  been  grown  in 
six  distinct  sections  of  the  country.  From  Table  Villi  it  may  be  seen 
that  very  little  variation  occurred  in  size  among  the  different  strains, 
the  greatest  differenpe  in  the  average  weight  per  fruit  being  but  .6 
ounce.  The  percentage  of  marketable  fruit  is  low  in  all  cases.  The 
most  important  variations  are  in  yield  (see  Plate  III  and  Table  I 
and  Vlll).  The  average  yield  per  plant  to  August  3rd,  varies  from 
.27  lb.  to  1.43  lb. ;  to  August  20th  from  4.56  lb.  to  9.65  lb.  and  the 
total  yield  to  September  22nd  varies  from  16.6  lb.  to  27.8  lb.  The 
yield  per  aere  can  be  estimated  by  multiplying  the  weight  per  plant  by 
2760  (the  number  of  plants  per  acre)  and  using  50  lb.  as  the  weight 
per  bushel.  The  above  total  yields,  in  per  acre  terms,  vary  from  23  T 
to  38.5  T  or  920  bushels  to  1540  bushels  per  acre.  The  color  and 
8hax>e  varied  widely.  The  interior  is  seen  to  vary  from  fair  to  ex- 
cellent (for  explanation  of  terms  see  sketch  on  plate  II.)  It  will  b'^ 
noticed  that  the  more  northern  grown  seeds  produced  the  largest 
number  of  early  tomatoes. 

JUNE  PINK. 

Where  a  pink  fruited  variety  is  not  objectionable,  the  June  Pink 
is  the  best  early  variety.  As  will  be  seen  from  Table  IX  it  is  almost 
as  early  and  yields  almost  as  heavily  as  the  Earliana.  It  is  a  globular,. 
thick  walled,  thick  meated  tomato  of  good  quality.  The  one  serious 
objection  to  it  is  its  thin  skin  which  cracks  very  easily  during  wet 
Treather. 

MISCELLANEOUS  EARLY  VARIETIES. 

Many  seedsmen  offer  early  tomatoes  that  they  claim  are  earl- 
ier than  any  other  variety  and  put  them  out  under  attractive 
names.  In  many  cases  these  prove  to  be  one  of  the  standard  early 
varieties, — generally  the  Earliana, — simply  renamed  and  at  other  times 
they  are  an  improvement  of  some  old  variety.  This  tendency  to  rename 
the  standard  varieties  has  a  deplorable  influence   on  the  seed  industry 


lis  1^^' 


aiq«18il"W 


II 


«  «  01  o™ 


IJIII 


PogeaPaHMfcc^wS^' 


-"ooooooooooo 


tf  tf  o:  o:  o:  q;  Qi  tf  cub:  o:  cd 


Sg3:2g52353*S 


0>3«iioooaoSSSoSSioo 


;2;S|2!2|.|.|ii      I 
2ZZ2oSSuuo£u 


Billll&ll 


Ilallll 


and  is  becoming  unpopular.  InTableXare  shown  the  results  of  the  1914 
trials  of  some  of  these  so-called  new  first  early  varieties.  Some  of  them 
seem  to  be  distinct  sorts,  while  the  others  could  not  be  distinguished 
from  the  Earliana.  In  this  table  no  varieties  were  included  that  yield- 
ed less  than  a  total  of  13  lb.  of  marketable  fruit  per  plant  and  becausd 
of  this  fact  several  other,  so-called  early  varieties,  were  not  included 
but  are  tabulated  in  the  later  tables.  The  writer  wishes  to  oall  atten- 
tion to  the  John  Baer  tomato  (No.  33)  listed  in  this  table.'  It  is  a  1914 
introduction  that  has  been  given  considerable  notoriety.  The  in- 
troducer claimed  it  to  be  the  earliest  tomato  yet  produced.  In  the 
station  trials  it  was  found  to  ripen  the  bulk  of  its  crop  at  the  same  sea- 
son as  Chalk's  Jewel  and  Bonny  Best  and  later  than  Earliana  and 
June  Pink.  The  tomatoes  were  unusually  uniform,  globular,  smooth 
and  solid,  with  a  very  good  interior.  As  a  second  early  it  is  a  very 
good  variety.  Another  variety  that  promises  to  do  well  is  the  Alacrity 
(No.  122)  which  was  secured  from  a  Canadian  Experiment  Station. 

BONNY  BEST  AND  CHALK'S  JBWE3L. 

The  Bonny  Best  and  Chalk's  Jewel  (Table  XI)  are  two  very  simi- 
lar varieties.  They  are  large,  bright  red,  generally  globular  fruited 
varieties.  The  Bonny  Best  generally  has  a  few  large  symmetrical  seed 
cells,  with  very  thick  walls  and  a  tiiick  rind.  The  C!halk's  Jewed 
generally  has  many  small,  more  unsymmetrically  anmnged  cells.  The 
Bonny  Best  is  about  one  week  earlier  and  its  fruit  is  slightly  smaller 
in  size.  The  Bonny  Best  is  being  used  by  many  seedsmen  instead  of 
Chalk's  Jewel.  These  two  varieties  are  very  superior  to  the  Earliana 
in  quality,  but  cannot  be  substituted  for  it  as  a  first  early  variety. 

MEDIUM  S2ARLT  VARIBTIES. 

There  are  a  number  of  medium  early  varieties  that  yield  a  fair 
crop  in  this  region,  and  which  have  some  especially  desirable  char- 
acteristics, such  as  very  good  quality,  small  or  immense  size  or  some 
other  feature.  On  account  of  requiring  a  longer  season,  they  do  not 
produce  a  very  large  crop  in  North  Dakota 's  short  seasons.  These 
varieties  are  roughly  classified  in  Table  XIL  Most  of  them  should  not 
be  grown  in  this  section. 

GLOBE. 

The  Globe  is  a  purple  variety,  medium  early,  producing  vary 
sniooth,  globular,  thick  fleshed  tomatoes  a  high  percentage  of  which 
are  marketable.  It  is  a  variety  well  worth  trying  where  many  to- 
matos  are  grown,  because  of  its  excellent  quality. 

STONE. 

The  Stone  (No.  63-65)  is  the  standard  late  variety  in  the 
larger  tomato  growiag  sections  of  the  country.  It  is  a  dark  red, 
globular,  flattened,  thick  meated  tomato,  producing  very  few  inferior 
fniits.  Until  an  early  strain  of  this  variety  is  developed,  it  should 
not  be  used  very  much  in  this  state. 


/f^£-AAG£     Yl£LD  /t/?  PLANT  OT  •SfVCmnL 

S^Aso/v  or  /a/'f. 


226 
MIKADO. 

The  Mikado  (No.  66-67)  is  a  flat,  purple  red,  thick  meated  to- 
tnato.  The  plant  has  the  potato  leaf  typa  of  f  oliagre.  It  is  an  old 
standard  variety,  but  is  surpassed  by  many  of  our  present  day  va- 
rieties. 

ACME. 

The  Acm^  (No.  68)  another  of  the  older  standard  varieties,  is  a 
flat  purplish  pink,  very  thick  meated  tomato,  but  it  is  too  late  for  our 

use. 

QREATBR  BALTIMORE  AND  MY  MARYLAND. 

Greater  Baltimore  and  My  Maryland  are  two  varieties  that  are 
very  popular  in  more  southern  sections  where  they  are  standards  for 
canning  purposes.     Both  have  many  good   qualities  but   lack  earli- 

ness. 

NOVELTIES— SMALL  FRUIT,  DWARF  PLANTS,  COLOR,  SIZE. 

For  many  purposes,  small  tomatoes  used  as  w^ole  tomatoes  are 
desirable.  In  Table  XIII  is  shown  the  record  of  a  number  of  small 
fruited  varieties.  These  varieties  are  very  prolific  and  fairly  'iarly. 
They  generally  have  two  large  cells,  a  small  amount  of  meat,  and  a 
rather  large  amount  of  seed,  which  makes  them  rather  undesirable  for 
some  purposes.  The  Sunrise,  an  English  variety,  and  Victoria  Whole 
Salad  are  very  similar  red  varieties.  The  Comet  is  an  old  variety 
formerly  used  a  great  deal  for  forcing  purposes.  Early  Minnesota 
is  a  pink  fruited  variety  in  this  group. 

For  a  small  home  garden  the  **  Dwarf  or  '*Tree"  tomatoes  are 
very  useful.  Because  of  their  small  type  they  aan  ba  planted  rather 
closely.  The  Dwarf  Aristocrat  and  Dwarf  Stone  are  red  fruited  and 
the  Big  Dwarf  and  Dwarf  Champion  are  pink  fruited  varieties. 

The  Oolden  Ponderosa  is  like  the  regular  Ponderosa  except  that 
it  is  of  a  yellow  color  and  a  milder  flavor.  Another  yellow  variety  not 
listed  in  this  trial  is  the  Golden  Quaen. 

If  a  tomato  of  greatest  size  is  desired  regardless  of  shape,  there 
are  several  varieties  that  are  early  enough  to  be  profitable  that  are 
very  large.  The  record  of  two  of  these  varieties  is  given  in  Table 
Xn.  The  fruit  of  the  Ponderosa  (No.  6)  a  purplish  red  tomato  aver- 
aged 6.7  ounces  in  weight  and  produced  8.9  lb.  of  tomatoes  per  plant. 
Landreths  Ever  Large  (No.  94)  a  dark  red  tomato  produced  11.9  lb. 
of  tomatoes  per  plant  averaging  10.3  oz.  per  fruit.  Both  of  these 
varieties  produce  very  thick  meated  tomatoes  with  many  small  cells, 
but  both  varieties  produce  very  rough  tomatoes. 

The  Honor  Bright  (No.  80  and  No.  100)  is  a  distinct  novelty. 
Its  fruit  changes  from  a  green,  to  a  white,  then  to  a  yellow,  then  to  a 
light  pink  and  finally  to  a  light  red  color. 
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VARIETIES    VERY  UNSUITABLE. 

There  are  many  varieties  that  will  do  well  in  some  other  locali- 
ties, but  do  not  do  well  here  bt^cause  they  are  either  too  late,  or  are 
too  low  yielders.  A  number  of  varieties  coming  in  this  class,  thai 
should  not  be  grown  in  this  state  aire  listed  in  Tabljs  XIV.  It  will  ba 
seen  that  they  produce  very  little  early  fruit  and  have  a  low  total 
yield, — less  than  5  lb.  per  plant. 

SUMMARY  ON  YARIBTIBS. 

Prom  the  records  shown  in  the  various  tables  it  will  be  seen, 
that  there  are  comparatively  few  tomato  varieties  suitable  for  com* 
mercial  purposes  that  do  well  in  this  state.  There  are  a  larger  num- 
ber of  varieties  suitable  for  home  use.  But  there  is  a  scarcity  of  real 
good  early  varieties.  For  home  or  commercial  purposes  it  is  best  to 
use  the  Earliana  for  first  early  and  the  Bonny  Best  and  Chalk's  Jewel 
or  perhaps  John  Bear  far  the  main  crop.  SeveraJ  of  the  varieties 
listed  in  Table  IX  could  be   used. 

GOOD  SEED  AS  A  FACTOR  IN  TOMATO  GROWING. 

That  there  is  as  much  variation  within  a  variety  as  between  va- 
rieties is  shown  by  a  comparison  of  the  various  strains  listed  in  the 
several  tables,  especially  Tables  VIII  and  XI.  In  all  these  tables  there 
is  as  great  or  greater,  difference  in  earlinoss,  total  yield  and  size  o{ 
fruit  between  the  strains  of  one  variety  as  between  different  varieties. 

Take  for  instance  the  case  of  the  Earliana  (Table  Vlil  and  Plate 
m) .  The  greatest  yield  prior  to  August  20th  was  9.65  lbs.  of  tomatoei 
per  plant  as  compared  with  the  lowest  yield  of  4.71  lbs.  The  total 
yield  for  the  season,  among  strains  of  the  same  variety  varied  froii] 
16.6  lbs.  to  27.8  lbs.  of  marketable  tomatoes  per  plant.  In  per  acr< 
terms,  the  total  yield  varied  from  23  tons  or  920  bushels  to  38.5  tod 
or  1540  bushels  of  marketable  fruit  per  acre.  As  all  the  condition) 
were  uniform  for  all  strains,  it  is  entirely  reasonable  to  credit  most  oi 
this  variation  to  the  quality  of  the  seed.  However,  ths  best  seed  i^ 
not  the  cheapest.  The  price  paid  for  Earliana  tomato  seed  used  in  th< 
trials,  varied  from  25  cents  to  $5  per  ounce.  The  results  favored  th^ 
higher  priced  seed.  I 

EFFECT  OF  LOCATION  WHERE  SEED  IS  GROWN.  j 

The  122  strains  of  tomato  seed  used  were  grown  in  12  differ- 
states,  in  3  European  countries  and  in  Canada.  Twenty-six  of 
strains,  which  was  the  largest  number  grown  in  any  one  place,  wi 
grown  in  Michigan.  In  New  Jersey  were  grown  19  strains;  North( 
New  York  14 ;  Ohio  11 :  Pennsylvania  10 ;  Long  Island  7 ;  California 
Connecticut  3 :  Colorado  2  and  one  strain  each  was  grown  in  Dela^ 
Virginia  and  Iowa.  Of  those  grown  in  foreign  countries  4  vn 
grown  in  England,  15  in  Italy  and  one  each  in  Spain  and  Canada. 

From  the  various  tables  it  will  be  noticed  that  the  more  north( 
grown  seed  is  generally  the  better.    However,  it  will    also    be  notici 
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khat  in  many  cases  some  of  the  more  southern  grown  seed  produeed 
better  results,  showing  that  a  northern  location  cannot  be  substituted 
for  good  breeding  in  tomatoes. 

OPPORTUNITIES  IN  TOMATO  RAISING* 

There  is  quite  an  opportunity  for  developing  a  commercial  toma- 
to industry  in  this  state.  This  opportunity  lies  in  supplying  our  local 
markets  with  early  tomatoes,  growing  tomatoes  for  canning  factor- 
ies,—more  of  which  should  be  established  in  the  state, — and  canning 
tomatoes  on  the  .farm  for  home  use  and  for  sale. 

In  a  well  cared  for  garden,  on  heavy  North  Dakota  soils  a  yield 
of  20  lbs.  per  plant, — 27  tons  per  ac^re  or  1080  bushels  per  acre,  is  com- 
paratively easy  to  produce,  when  proper  methods  are  used.  Under 
Beld  conditions  and  with  poorar.  soils,  results  three-fourths  as  good 
should  be  expected.    More  tomatoes  should  be  raised  for  home  use. 

COST. 

By  usincr  a  pit  manure  hotbed  a  crop  of  tomato  plants  for  one 
acre  can  be  carried  up  to  the  ripening  season  for  about  $100.  That 
bcludes  the  original  cost  of  the  hotbed.  After  the  first  year  the  cost 
dionld  not  exceed  $15  or  $20  per  acre.  In  addition  to  that  it  will 
eo8t  almost  5  cents  a  bushel  to  pick  the  tomatoes. 

TOMATOES  FOR  EARLY  MARKET. 

Farmers  near  good  local  markets  can  very  profitably  raise  early 
tomatoes  for  their  markets.  The  price  of  the  earliest  tom,atoes  varies 
from  $4  to  $1  per  bushel  and  all  through  the  season  the  price  will 
Midom  drop  below  50  cents  per  bus^hel. 

RAISING  TOMATOES  FOR  CANNING  FACTORIES. 

Another  opportunity  is  the  raising  of  tomatoes  for  canning  fac- 
bories.  The  customary  price  paid  for  tomatoes  by  factories  in  this  sec- 
tion is  $10.00  per  ton.  After  paying  for  his  own  labor, — a  ftrowsr 
should  make  a  profit  of  $50.00  to  $150.00  per  acre,  at  that  price.  If  a 
l^od  market  is  close  at  hand  for  fresh  tomatoes  profits  twice  as  great 
as  this  can  be  secured.  At  the  present  time,  very  few  of  the  canned  to- 
matoes used  in  this  state  are  grown  or  canned  in  the  state.  A  number 
if  canning  factories  could  profitably  be  run  in  various  parts  of  the 
itate  in  canning  a  general  line  of  vegetables. 

FARM  CANNING. 

All  vegetables,  especially  tomatoes  can  profitably  be  canned  for 
borne  use  on  the  farm.  Tomatoes  can  profitably  be  canned  on  the 
Earm  for  market  purposes.  Farm  canned  goods  are  generally  sold  for 
i  higher  price  than  factory  canned  products.  A  number  of  portable 
hrm  canning  outfits  of  varying  size,  style  and  cost  are  on  the  market 
It  present.  These  portable  canners  are  of  three  distinct  kinds:  (a) 
5ot  water  with  open  boiler;  (b)    hot  water  and    steam    combination; 
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and  (c)  steam  pressure  outfits.  Outfits  of  this  nature  can  be  secured 
for  from  $3.00  to  $15.00,  that  have  a  capacity  of  200  or  more  No.  3  (2 
lb.)  cans  of  tomatoes  per  day.  The  No.  3  cans  of  tomatoes  sell  for 
about  $1.50  to  $1.80  a  dozen  retail  or  15  cents  a  can.  When  charging 
for  all  fruit  (at  25  cents  a  bushel)  and  for  labor  and  cans,  a  No.  3  can 
of  tomatoes  can  be  put  up  for  5  cents  and  generally  for  less,  thus  net- 
ting the  farmer  10  cents  per  can  clear  profit  ov^r  buying  canned  to- 
matoes. When  sold,  the  wholesale  price  varies  from  90  cents  to  $1.20 
per  dozen.  A  farmer's  surplus  can  well  be  sold  direct  to  consumers  or 
through  a  local  dealer.  If  a  large  quantity  of  tomatoes  is  to  be  canned 
a  neat  attractive  label  should  be  pasted  on  to  every  can.  A  silect 
trade  can  be  built  up  by  canning  all  products  in  glass  jars.  ,  There  is 
considerable  variation  between  the  different  varities  as  to  the  num- 
ber of  cans  of  tomatoes  that  are  produced  from  one  bushel  of  fruit. 
There  is  generally  more  loss  with  the  Earliana  than  with  any  other 
variety.  About  16,  No.  3  cans  of  tomatoes  can  be  produced  from  a 
bushel  of  Earliana  tomatoes.  At  this  rate  it  will  cost  80  cents  to  can 
one  bushel  of  tomatoes.  At  $1.00  per  dozen  these  will  be  worth  $1.30, 
leaving  a  net  profit  of  50  cents  a  bushel  for  the  fruit.  As  it  is  com- 
paratively easy  to  raise  500  bushels  of  tomatoes  per  acre,  it  is  very 
evident  that  the  canning  of  tomatoes  on  a  farm  is  quite  profitable. 

The  following  are  brief  instructions  for  canning  tomatoes.  Grade 
for  ripeness,  size  and  quality.  Sieald  to  loosen  skins.  Dip  in  cold  wa- 
ter ;  remove  skins ;  pack  whole.  Fill  with  tomatoes  only  and  add  one 
level  teaspoonful  of  salt  to  each  quart.  Placi  rubber  and  partially 
seal.  (Cap  and  tip  tins.)  Sterilize  22  minutes  in  hot  water  bath,  18 
minutes  in  water  seal  outfit,  15  minutes  under  5  pounds  of  steam  of  10 
minutes  in  pressure  cooker.  Remove  jars,  tighten  covers,  test  joints 
and  invert  to  cool.  (For  more  complete  instructions  see  Farmers  Bul- 
letin 521  or  write  to  the  Department  of  Agriculture,  Washington,  D. 
C,  or  to  this  station.) 

SUMMARY. 

Early  tomatoes  can  best  be  grown  by  sowing  the  seed  in  a  hot 
bed  during  the  last  part  of  March  and  transplanting  twice,  finally 
growing  in  tin  cans,  paper  pots  or  earth  pots  in  which  they  are  held 
till  set  in  the  field  about  May  20th.  Another  way  which  is  equally 
good  is  to  sow  the  seed  at  the  same  time  in  dirt  bands  in  which  the 
plants  are  allowed  to  grow  until  transplanted  to  the  field.  Root  prun- 
ing when  done  toward  the  end  of  the  season  increase  the  total  yield. 
Seed  sown  in  the  field  May  21st  produced  a  profitable  yield,  but  this 
method  cannot  be  relied  upon  during  most  seasons. 

The  varieties  best  adapted  to  this  section  are  the  Earliana, 
Bonny  Best,  Chalk's  Jew^l,  June  Pink  and  a  few  other  early  vs- 
rieties.  A  good  average  yield  is  20  lbs.  of  usuable  tomatoes  per  plant. 
A  yield  of  25  lbs.  and  more  per  plant  is  frequently  produced.  A  yield 
of  10  lbs.  per  plant  will  be  quite  profitable.  One  of  the  most  profit- 
able ways  of  disposing  of  a  crop  of  tomatoes  is  by  canning  them  ou 
the  farm. 
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REPORT  OF  PROGRESS  IN  SUGAR  BEET  TRIALS 

FOR  THE  SEASON  OF   1914 

During  1914  the  Division  of  Agricultural  Chemistry  of  the  North 
Dakota  Experiment  Station  continued  the  sugar  beet  trials  which 
have  been  in  progress  for  the  past  three*  years  in  this  state.  The 
trials  this  season  were  carried  on  in  co-operation  with  the  Agronomy 
Division  of  the  Experiment  Station,  the  five  Sub-stations,  and  eighty- 
seven  farmers  scattered  over  the  state.  From  these  co-operators  there 
were  submitted  a  total  of  one  hundred  and  six  (106)  samples,  ninety- 
four  (94)  from  the  Experiment  Station  and  the  Sub-stations  and 
twelve  (12)  from  farmers.  The  results  of  the  analyses  of  these  sam- 
ples and  information  regarding  the  cultural  treatment  and  the  climatic 
conditions  under  which  the  beets  were  grown  are  given  in  the  present 
report. 

The  samples  generally  seemed  to  be  of  satisfactory  quality  and 
condition,  comparmg  most  favorably  in  these  respects  with  those 
grown  in  previous  years.  Some  of  the  beets,  however,  had  started 
second  growth,  which  lowered  the  supply  of  sugar  already  in  the  beet. 
Another  factor  which  might  possibly  have  tended  to  lower  the  per- 
centage of  sugar  was  the  superabundance  of  ground  space  allowed  the 
beets  while  growing.  Reference  to  Table  V  shows  that  the  rows  were 
usually  from  30  to  36  inches  apart  and  the  beets  8  to  10  inches  apart 
in  the  row.  In  sugar  beet  districts  the  usual  conditions  allowed  are 
rows  about  24  inches  apart  and  beets  about  8  inches  apart  in  the  row. 
The  conditions  of  growth  for  the  beets  described  in  the  present  report 
would  allow  them  to  attain  a  larger  size  than  that  desired. 

The  year's  work  developed  into  a  more  critical  study  of  eight 
varieties  at  the  Experiment  Station  and  on  the  Sub-stations  at  Edgeley 
and  Williston.  All  of  these  varieties  had  been  grown  in  the  previous 
year  so  that  an  opportunity  was  thus  afforded  to  study  their  record 
for  two  years.  Those  varieties  which  seem  to  exhibit  a  superiority  in 
regard  to  the  amount  of  sugar  in  the  beet  are  as  follows:  Nos.  1,  2, 
3,  4,  5,  7,  11.  For  the  year  1913  these  seven  varieties  had  the  follow- 
ing standing  in  the  order  of  highest  percentage  sugar,  5,  11,  3  and  4 
(tied),  2,  7,  1.  For  the  year  1914  the  order  ^yas  3,  4,  7,  1,  2,  5,  11. 
Assigning  arbitrary  values  to  these  positions  it  will  readily  be  seen 
that,  as  an  average  of  the  two  years,  the  varieties  that  have  the  best 
record  are  3,  4,  and  5,  in  the  order  stated.  Upon  reference  to  Table 
•VII,  these  are  found  to  be  Klein  Wanzleben  Original,  and  the  strains 
of  the  Wohanka  variety.  The  variety  used  at  Billings,  Montana, 
comes  next  to  these  three  in  order  of  standing. 

Another  phase  of  sugar  beet  trials  was  also  undertaken,  namely 
the  effect  of  the  length  of  the  growing  season  upon  the  sugar  content 
of  the  beets.  At  each  station  one  variety  was  planted  twice,  the 
second  date  following  two  weeks  after  the  first,  and  all  the  varieties 


♦Trials  have  been  carried  on  for  12  separate  years  at  indefinite  periods  begin- 
ning in  1899.  In  1911  experimental  work  was  started  anew  and  continued  inten- 
sively until  1914. 


252 

were  harvested  three  times  with  an  interval  of  two  weeks  between  the 
harvesting  dates.  The  samples  from  all  the  stations  increased  steadily 
in  sugar  content  from  the  first  to  the  third  harvesting,  with  the  single 
exception  of  the  third  series  from  the  Experiment  Station.  These 
samples  were  quite  inferior  to  the  others  from  this  locality  for  a  num- 
ber of  reasons.  Late  rains  had  induced  second  growth,  the  beets 
were  larger  than  those  of  the  other  two  series,  and  they  had  apparently 
not  been  chosen  as  carefully  in  the  field.  It  is  interesting  to  note  that 
the  second  planting  of  one  variety  at  the  Williston  Sub-station  gave 
beets  of  better  quality  than  the  first  planting  for  all  three  of  the  har- 
vestings. The  detailed  results  of  these  two  features  are  indicated  later 
in  the  tables  of  analyses. 

The  samples  from  the  Sub-station  at  Williston  were  of  excellent 
quality,  increasing  from  an  average  of  nearly  18  per  cent  to  20  per  cent 
sugar  in  the  month  of  extra  growth.  This  is  all  the  more  important 
since  the  average  weight  or  size  of  the  beets  in  the  samples  also 
increased.  Usually,  with  other  conditions  equal,  the  larger  the  beet 
the  lower  the  percentage  of  sugar.  This  year's  trials  at  the  Williston 
Sub-station  confirm  the  results  of  previous  years,  namely  that  the  soil 
and  climatic  conditions  there  are  admirably  suited  for  sugar  beet 
production. 

In  view  of  the  fact  that  the  yearns  work  was  principally  upon  the 
samples  from  the  Experiment  Station  and  the  Sub-stations  at  Edgeley 
and  Williston,  a  further  study  was  made  of  all  the  samples  and  trials 
reported  for  these  stations  in  the  past  five  years.  Tables  showing 
these  comparisons  have  been  compiled  and  appear  later  in  the  report. 

For  commercial  purposes  a  beet  of  over  12  per  cent  sug^r  con- 
tent corresponding  to  12.5  to  13.5  per  cent  sugar  in  the  juice,  at  least 
80  per  cent  purity,  and  which  weighs  between  one  and  four  pounds, 
is  considered  the  most  desirable.  The  contracts  of  most  sugar  com- 
panies with  the  farmers  are  based  on  these  figures,  but  at  times  varia- 
tions from  them  are  accepted.  With  these  facts  in  mind  one  may 
form  an  opinion  of  the  manufacturing  value  of  the  beets  reported  in 
the  tabulated  data. 

The  following  tables  give  the  results  of  the  analyses  of  the  sam- 
ples for  the  season  1914;  Table  No.  I  for  the  Experiment  Station, 
Table  No.  II  for  the  Edgeley  Sub-station,  Table  No.  Ill  for  the  Will- 
iston Sub-station,  and  Table  No.  IV  for  the  miscellaneous  samples 
from  other  co-operators.  Table  No.  V  contains  information  in  regard 
to  the  cultural  treatment  of  the  beets.  Table  No.  VI  gives  a  sum- 
mary of  the  results  by  varieties  for  1914.  Table  No.  VII  gives 
information  in  regard  to  the  varieties  used  in  the  1914  trials.  Table 
No.  VIII  contains  the  meteorological  data  for  the  Experiment  Station 
and  the  Sub-stations  at  Edgeley  and  Williston  for  1914. 

The  following  tables  give  the  summaries  of  the  trials  for  these 
three  stations  for  a  period  of  years ;  Table  No.  IX  the  meteorological 
data  and  Table  No.  X  the  analytical  data  of  all  samples  grown.  Table 
No.  XI  is  a  comparison  of  the  analyses  of  the  varieties  used  in  the 
1913  and  1914  trials.  Table  No.  XII  contains  a  summary  of  all  sugar 
beet  analyses  reported  for  North  Dakota. 
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Figure  1  illustrates  the  curves  of  the  mean  daily  temperature  at 
the  Experiment  Station  during  the  months  of  the  growing  season  for 
the  years  1910-1914.  Figure  2  illustrates  the  same  feature  for  the 
Williston  Sub-station.  Figure  3  shows  diag^ammatically  the  distri- 
bution of  the  rainfall  and  sunshine  by  months  for  the  years  1911-1914 
at  the  Experiment  Station.  Figure  4  shows  the  relation  of  the  ana- 
lytical data  of  the  samples  grown  at  the  Experiment  Station  for  the 
years  1911-1914.  Figure  5  shows  the  relation  of  the  analytical  data 
of  the  samples  from  the  Sub-station  at  Williston  for  the  three  dates 
of  harvesting  in  1914. 
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TABLE  NO.  I. 

ANALYTICAL.   DATA  OF   SAMPLES   GROIVN   AT  THE   EXPERIMENT  STATION, 

1914. 


Per  Cent 

Per  Cent 

Degree 

Per  Cent 

Weight 

Lab.  No. 

Variety 

Sugar  in 

Sugar  in 

Brixt 

Purity 

of  BeeU 

Date  Harvested 

^ 

Beet 

Juice 

(Grans) 

1 

1 

15.20 

15.96 

18.2 

88 

510 

September  28th 

2 

2 

14.60 

15.33 

18.2 

84 

430 

4                              11 

3 

3 

14.70 

15.44 

19.3 

80 

440 

•                              4t 

4 

4 

15.10 

15.85 

18.2 

87 

393 

4                              4* 

5 

5 

14.50 

15.23 

18.2 

84 

430 

4                             4* 

6 

6 

13.80 

14.50 

18.2 

80 

548 

4                                 44 

7 

7 

13.70 

14.38 

18.2 

79 

483 

4                                 14 

8 

8 

12.90 

13.55 

15.9 

85 

537 

■                                 .. 

9 

9 

12.90 

13.55 

17.0 

80 

539 

■                                 4. 

10 

10 

14.00 

14.70 

18.2 

81 

477 

. 

11 

11 

14.60 

15.33 

17.0 

90 

460 

•                                 .. 

12 

12 

14.80 

15.5* 

17.0 

91 

470 

4                             ■■ 

13 

7* 

13.50 

14.27 

15.9 

90 

547 

a                             4t 

14 

14 

14.10 

14.81 

15.9 

93 

477 

i«          •. 

Average,  1st  Harvest.. 

14.17 

14.88 

17.5 

85 

481 

41 

1 

15.10 

15.85 

18.2 

87 

502 

October  12th 

42 

2 

15.10 

15.85 

18.2 

87 

326 

•<           •• 

43 

3 

16  00 

16.80 

20.4 

87 

478 

t<           •• 

44 

4 

15.40 

16.17 

19.3 

84 

493 

4>                            •• 

45 

5 

15.4) 

16.17 

19.3 

84 

53  f 

*t                           •< 

46 

6 

15.30 

16.07 

19.3 

83 

550 

«•                            •• 

47 

7 

15.90 

16.70 

20.4 

82 

545 

>•                            •• 

48 

8 

15.10 

15.85 

18.2 

87 

590 

•  4                            •• 

49 

9 

15.20 

15.96 

18.2 

88 

404 

•  •                            •• 

50 

10 

15.00 

15.75 

18.2 

87 

465 

4.                            >> 

51 

11 

15.60 

16.37 

18.2 

90 

482 

•  4                            '• 

52 

12 

14.90 

15.65 

18.2 

86 

540 

44                            •• 

40 

7* 

14.00 

14.70 

18.2 

81 

586 

44                            •• 

53 

14 

15.00 

15.75 

18.2 

87 

558 

44                              •• 

Averaxe.  2nd  Harvest. 

15.21 

15.97 

18.7 

86 

504 

71 

1 

17.20 

18.06 

20.4 

89 

590 

October  76th 

72 

2 

16.60 

17.42 

18.2 

96 

460 

44                            44 

73 

3 

15.60 

16.38 

19.3 

85 

615 

•  4                            •• 

74 

4 

14.50 

15.23 

19.3 

79 

645 

44                               41 

75 

5 

15.20 

15.96 

19.3 

83 

505 

44                               •• 

76 

6 

14.40 

15.13 

18.2 

83 

470 

•  4                               •< 

77 

7 

15.00 

15.75 

18.2 

87 

538 

44                               44 

78 

8 

14.40 

15.13 

18.2 

83 

720 

44                               •• 

* 

79 

9 

13.90 

14.60 

18.2 

80 

537 

44                               44 

80 

10 

13.80 

14.50 

18.2 

80 

580 

44                               41 

81 

11 

15.00 

15.75 

19.3 

82 

570 

44                               44 

82 

12 

14.30 

15.00 

18.2 

83 

625 

44                            44 

70 

7* 

13.20 

13.85 

18.2 

76 

695 

44                            •< 

83 

14 

14.50 

15.23 

19.3 

70 

470 

44                            44 

Average.  3rd  Harvest . 

14.83 

15.57 

18.7 

83 

573 

SUMMARY. 


Ist  Harvest 

•  4  *« 


•  «  it 


2nd 


Harvest 


44  44 


«•  41 


3rd 


Harvest 


•  4  44 


44  41 


All 


Min. 
Max. 

Mean 


Min. 
Max. 

Mean 


Min. 
Max. 
Mean 


Min. 
Max. 
Mean 


12.9 
15.2 
14.2 


14.0 
16.0 
15.2 


13.2 
17.2 
14.8 


12.9 
17  2 
14.2 


13.55 
15.96 
14.88 


14.70 
16.80 
15.97 


13.85 
18.06 
15.57 


13.55 
18.06 
15.48 


15.9 
19.3 
17.5 


18.2 
20.4 
18.7 


18.2 
20.4 
18.7 


15.9 
20.4 
18.3 


79 
93 
85 


81 
90 
86 


76 
96 
83 


76 
96 
85 


393 
548 
481 


326 
590 
504 


460 
720 

573 


326 
720 
509 


NOTE. — •Second  Planting:.     tThe  degrree  Brix  is  the  percentasre  by  weight  of 
sucrose  in  a  pure  sugrar  solution. 
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TABLE   NO.   II. 
ANAl^TTICAI.  DATA  OF  SAMPLES  GROWN  AT  BDGBLEY  SUB-STATION,  1014. 


Average 

Per  Cent 

Per  Cent 

Degree 

Per  Cent 

Weight 

Lab.  No. 

Variety 

Sugar  in 
Beet 

Sugar  in 
Juice 

BrLx 

Purity 

of  Beets 
(Grams) 

Date  Harvested 

37 

1 

14.60 

15.33 

18.2 

84 

950 

October  7  th 

36 

•   1 

14.90 

15.64 

20.4 

77 

855 

38 

1 

14.70 

15.43 

18.2 

85 

920 

21 

2 

15.40 

16.17 

20.4 

79 

768 

22 

2 

16.00 

16.80 

20.4 

82 

740 

23 

2 

15.70 

16.48 

20.0 

82 

760 

34 

5 

16.20 

17.00 

20.4 

83 

705 

35 

5 

15.60 

16.38 

19.3 

85 

730 

33 

5 

16.00 

16.80 

20.4 

82 

730 

24 

6 

16.00 

16.80 

19.3 

87 

810 

25 

6 

14.50 

15.23 

18.9 

81 

830 

26 

6 

15.80 

16.. 58 

19.3 

86 

760 

30 

8 

14.10 

14.80 

18.2 

81 

830 

31 

8 

13.00 

13.66 

18.2 

75 

840 

32 

8 

14.10 

14.80 

18.2 

81 

860 

27 

8 

15.80 

16.58 

18.2 

91 

820 

28 

8 

14.10 

14.80 

18.2 

81 

780 

29 

8 

14.00 

14.70 

19.3 

76 

815 

Av. 

1* 

14.73 

15.43 

18.9 

82 

908 

•< 

2* 

15.70 

16.46 

20.3 

81 

756 

•• 

5* 

15.93 

16.73 

20.0 

83 

722 

•• 

6* 

15.43 

16.20 

19.2 

85 

760 

t* 

8* 

14.18 

14.89 

18.4 

81 

824 

Averase.  Ut  Harvest... 

15.03 

15.77 

19.2 

82 

806 

68 

1 

16.30 

17.11 

20.4 

84 

817 

October  19th 

69 

2 

16.80 

17.63 

21.5 

82 

730 

ti          II 

66 

5 

15.80 

16.58 

19.3 

86 

686 

«(          II 

67 

6 

16.10 

16.90 

21.5 

79 

734 

<•          It 

64 

8 

13.50 

14.17 

19.3 

74 

930 

•1          II 

65 

8 

13.80 

14.50 

18.2 

80 

660 

•  4                        l« 

Av. 

8t 

13.65 

14.33 

18.8 

77 

•  795 

II                        II 

Averaget  2Dci  Harvest.. 

15.40 

16.15 

20.0 

81 

760 

95         1 

1 

16.10 

16.90 

20.4 

83 

825 

October  3l8t 

96 

2 

17.80 

18.70 

22.6 

83 

710 

97 

5 

18.40 

19.33 

22.6 

86 

840 

II          II          ^ 

98 

6 

16.60 

17.43 

21.5 

81 

825 

99 

8 

15.20 

15.96 

19.8 

81 

830 

100 

8 

14.90 

15.65 

19.3 

81 

755 

Av. 

8t 

15.05 

15.80 

19.6 

81 

792 

Average,  3rd  Harvest. . 

16.50 

17.33 

21.0 

83 

798 

SUMMARY. 


Harvest 

Averages 

Per  Cent 

Sugar  in 

Beet 

Per  Cent 

Sugar  in 

Juice 

Degree 
Brix 

Percent 
Purity 

Average  Weight 
of  Beets  (Grams) 

lot 

Min. 
Max. 

Mean 

13.00 
16.20 
15.03 

13.66 
17.00 
15.77 

18.2 
20.4 
19.2 

75 
91 
82 

705 
950 
806 

2nd 

Min. 
Max. 
Mean 

13.50 
16.80 
15.40 

14.17 
17.63 
16.15 

19.3 
21.5 
20.0 

74 
86 
81 

660 
930 
760. 

3nl 

Min. 
Max. 
Mean 

14.90 
18.40 
16.50 

15.65 
19.33 
17.33 

19.3 
22.6 
21.0 

81 
86 
83 

710 
840 

798 

All 

Min. 
Max. 
Mean 

13.00 
18.40 
15.40 

13.66 
19.33 
16.16 

18.2 
22.6 
20.4 

74 
91 
82 

660 
950 
800 

'These  are  averages  of  the  samples  which  are  given  separately  above,  of  the 
corresponding  variety. 

tTwo   (2)    sub-samples  of  variety   No.   8  were  forwarded  at  the  second  and 
third  harvest  from  this  Sub-station. 
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TABLES  NO.  UI. 
ANALYTICAL  DATA  OF  SAMPLES  GROWN  AT  IVILLISTON  SUB-STATION,  1914. 


Average 

Per  Cent 

Per  Cent 

Weight 

Lab.  No. 

Variety 

Sugar  ia 

Sugar  in 

Degree 

Per  Cent 

of  BeeU 

Date  Harvested 

Beet 

Juice 

Brix 

Purity 

(Grains) 

20 

1 

17.00 

17.76 

19.3 

92 

576 

September  28th 

17 

3 

17.20 

18.06 

21.1 

86 

415 

18 

3(a) 

19.10 

20.07 

21.5 

93 

561 

15 

4 

19.60 

20.58 

23.7 

87 

520 

16 

7 

18.10 

19.00 

21.5 

88 

520 

19 

8 

16.70 

17.55 

20.4 

86 

555 

Average.  Ist  Harvest... 

17.95 

18.84 

21.25 

88.7 

524 

■ 

61 

1 

19.60 

20.58 

22.6 

91 

507 

October  12th 

58 

3 

19.30 

20.26 

23.7 

86 

565 

i(           It 

59 

3(a) 
4(b) 

20.80 

21.83 

24.8 

88 

485 

i(           •• 

62 

20.70 

21.72 

25.9 

84 

512 

«•           11 

63 

4(c) 

19.30 

20.27 

24.8 

82 

870 

•«           •« 

56 

7(b) 
7(c) 

18.70 

19.64 

21.5 

91 

582 

«•           » 

57 

18.60 

19.53 

23.7 

83 

1135 

<«           *. 

60 

8 

17.60 

18.48 

21.5 

86 

625 

tt           •■ 

Av. 

4fd) 

20.00 

20.99 

25.3 

83 

691 

••           «. 

<« 

7(d 

18.65 

19.58 

22.6 

87 

858 

••           •• 

Average.  2nd  Harvest.. 

19.32 

20.30 

23.56 

86.4 

660 

92 

1 

19.30 

20.27 

22.6 

90 

493 

October  26th 

88 

3 

20.00 

21.00 

24.8 

85 

480 

<<           i< 

90 

3(a) 

20.70 

21.73 

23.7 

92 

450 

«t           ft 

86 

4(b5 

21.00 

22.05 

27.0 

82 

626 

«•           •« 

91 

4(c) 

19.50 

20.47 

23.7 

86 

795 

t.           it 

87 

7(b) 
7(c) 

20.20 

21.20 

23.7 

90 

740 

li           •• 

85 

W.40 

20.38 

23.7 

86 

1366 

it           i« 

89 

8 

20.10 

21.10 

23.7 

89 

498 

ti           •• 

Av. 

4(d) 
7(d) 

20.25 

21.26 

25.3 

84 

710 

••           •• 

«« 

19.80 

20  79 

23.7 

88 

1053 

<*           •« 

. Average  3rd  Harvest. . 

20.03 

21.03 

24.11 

87.5 

681 

SUMMARY. 


Harvest 

Averages 

Per  Cent 

Sugar  in 

Beet 

Per  Cent 

Sugar  in 

Juice 

Degree 
Brix 

Percent 
Purity 

Average  Weight 
of  Beets  (Grams) 

1st 

Min. 
Max. 

Mean 

16.70 
19.60 
17.95 

17.55 
20.58 
18.84 

19.3 
23.7 
21.2 

86.0 
93.0 
88.7 

415 
576 

524 

2nd 

Min. 
Max. 
Mean 

17.60 
20.80 
19.32 

18.48 
21.83 
20.30 

21.5 
25.9 
23.6 

82.0 
91.0 
86.4 

4S5 

1135 

660 

3rd 

Min. 
Max. 

Mean 

19.30 
21.00 
20.03 

20.27 
22.05 
21.03 

22.6 
27.0 
24.1 

82.0 
92.0 
87.5 

450 

1366 

681 

All 

Min. 
Max. 
Mean 

16.70 
21.00 
19.20 

17.55 
22.05 
20.10 

19.3 
27.0 
23.1 

82.0 
93.0 

87.4 

415 

1366 

630 

(a)  Second  planting. 

(b)  Sample  of  beets   smaller   than  the    average    size. 

(c)  Sample  of  average  size  beet. 

(d)  Average  of  the  two  sub-samples  of  this  variety. 
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NOTES  IN  REGARD  TO  SAMPLES. 

From  the  Experiment  Station:  First  series,  tops  green,  prongy, 
many  large  roots,  second  growth.  Second  series,  same  condition  as 
first  series.  Third  series,  second  growth,  hard  and  watery,  topped 
heavily,  very  inferior  samples.  The  heavy  rains  of  the  early  part  of 
the  season  so  packed  the  ground  that  the  roots  could  not  penetrate 
very  deep,  causing  deformed  shapes,  forked  roots,  etc.  The  beets 
made  their  greatest  growth  in  August  and  the  first  part  of  September. 

From  the  Sub-station  at  Edgeley:  First  series,  good  condition, 
although  some  second  growth.  Second  series,  too  large  beets.  Third 
series,  good  condition  but  some  second  growth.  The  early  part  of  the 
season  was  favorable,  but  it  was  dry  later.  Owing  to  a  misunder- 
standing, the  harvesting  dates  were  changed  from  those  used  at  the 
other  Stations. 

From  the  Sub-station  at  Williston:  First  series,  most  beets 
weighed  two  pounds  or  over,  but  those  selected  were  between  one 
and  two  pounds.  The  tops  were  still  green  and  upright,  and  scarcely 
wilted.  Condition  when  received  good.  Second  series,  tops  still 
green  and  mostly  upright,  a  few  leaves  at  the  crown  beginning  to  dry 
up.  Because  the  size  of  the  beets  in  the  samples  called  for  was  smaller 
than  the  size  of  the  average  beet  in  the  field,  extra  samples  of  the  latter 
of  varieties  Nos.  4  and  7  were  also  shipped.  Samples  delayed  in  ship- 
ment and  when  received  were  not  in  as  good  condition  as  the  first 
series,  having  lost  some  moisture.  The  roots  had  been  cut  too  short 
also.  Third  series,  somewhat  dried  out  when  received,  and  some  had 
apparently  been  slightly  frozen  in  the  tap  root,  probably  in  transit, 
otherwise  good  condition. 

Total  weight  of  all  beets  on  one-tenth  acre,  taking  into  account 
weights  of  all  samples  previously  taken,  was  3,357  pounds,  or  at  the 
rate  of  16.79  tons  per  acre  for  all  samples.  Average  weight  of  beets 
on  plat  2.25  pounds.  Record  No.  3,  planted  two  weeks  later  than  the 
others  averaged  1.5  pounds  per  beet,  and  Billings  and  Terra  averaged 
2.75  to  3  pounds,  while  Wohanka  Z.  R.  averaged  3  to  3.25  pounds  per 
beet 

Yields  of  beets  were  as  follows  for  each  variety:  No.  1,  Klein 
Wanzleben,  Old  Type,  17.6  tons ;  No.  3,  Klein  Wanzleben,  Original, 
19.57  tons; — same  planted  two  weeks  later,  14.28  tons;  No.  4,  Wo- 
hanka Z.  R.  15.92  tons;  No.  7,  B.  &  L.— Productive  No.  2  (Billings), 
17.68  tons ;  No.  8,  Terra,  11.08  tons.  The  low  yields  were  due  to  poor 
stand  more  than  to  anything  else. 

The  beets  were  irrigated  on  July  27  and  August  18. 


258 


5s« 


Sir 

u-c 


00 1^  v>  (O  0>  «*}  ro  Ok  O  («>  O  (N  O 


go 

s 

go 
go 

p 

O 
H 

e  n1 

o 
HS 

"^  S 

< 

ml 
< 

)N 

iJ 


3' 


I' 

c;3 


A 


"C 
ft 

> 


a 
s 
o 
U 


c 
o 


e 

8 
u 


>or4eoiooON^OONV)C4 

**••■■■•■••■ 


•o-^^oov>oorM^v>oov}0 


r4r<4<v.aocsMO(«s^c4eor^ 


tx,^Sun 


8 


.o 


a 

d 

?i8 


ififisysfcs 

(^  Z  0^  0^  Cd -Afx,  H  P<  Q  O  P^ 


m 


8 
"S 
6 
8 
P4 


.o  o 


fOV)iOOOO>0>000000 


< 


m 

^ 

i  i 

1     ''" 

III 

's     S  i         S  'sVs 

'! 

?  1 

■g 

&i 

ii  l  ti   ll  m 

I 

;  J :  Sid    i ;;;;;; ; 

n 

s 

:  5=  =1    ; : ; ; ;  i  i : 

1 

;  -•_■  S-      „  :  :Ss  :  :  : 

" 

1=  B  i,"   it;l-:;i;  | 

u 

^r 

^1 

&i 

ass       =  JJ    -J 

III     1  «  i  ;s 

H 

if 

2 

S    SS    22S 

■; 

1^1         ^    ^^   1^^ 

"5? 

II 

.      .      V      ^!.^^^^: 

■33 

11 

2 

1  1  rillrii 

•c 

< 

X 

u  :  :             :  :  : 

a 

d 

<j 

^,\  : 

' 

1 

1 

-J 

1     l5^     iOH 

260 


TABLE  NO.  VI. 

AVBRA6E  OF  ANALYSBS  BY  VARIBTIBS,  1914. 

SAMPLES    FROM    THE    EXPERIMENT    STATION    AND    THE    BDGBLBY    AND 

WILLISTON  SUB-STATIONS. 


Per  Cent  Sugar 

Average  Weight 

Variety  Number 

Number  Sample* 

In  Beet 

Per  Cent  Purity 

(Grams) 

1 

11 

16.36 

86 

686 

2 

8 

16.00 

84 

615 

3 

9 

18.15 

87 

499 

4 

8 

18.13 

84 

607 

5 

8 

15.90 

84 

645 

6 

8 

15.31 

83 

691 

7 

11 

16.40 

85 

703 

8 

16 

14.95 

82 

788 

9 

3 

14.23 

83 

493 

10 

3 

14.27 

83 

507 

11 

3 

15.07 

87 

504 

12 

3 

14.66 

87 

545 

14 

3 

14.53 

86 

502 

Total 

94 

16.00 

84.4 

633 

TABLE  NO.  VII. 
VARIETIES  OF  SUGAR  BEET  SEED  USED  IN  1014  EXPBRIMBNTS. 


No. 

Name  of  Variety 

Name  and  Address 
of  Grower 

Name  and  Address 
of  Agent 

Sprouts 

from 
50  Balls 

1 

Klein  Wanzleben.  Old  Type 
Klein  Wanzleben,  Pioneer .  . 
Klein  Wanzleben.  Original. . 

WolianJca.  Z.  R 

Wohanka,  E.  R 

Schreiber 

Sugar  Factory,  Klein  Wanzle- 
ben, Germany 

Alex  Fick,  Omaha.  Nebr 

Alex  Fick,  Omaha.  Nebr 

Alex  Fick,  Omaha.  Nebr 

C.  W.  deRekowski,  Detroit. 
Mich 

61 

2 

Sugar  Factory.  Klein  Wanzle- 
ben. Germany 

65 

3 

Sugar  Factory,  Klein  Wanzle- 
ben. Germany 

56 

4 

Wohanica    &    Co..     Prague, 
Bohemia.  Austria 

Wohanka    &    Co..     Prague. 
Bohemia,  Austria 

69 

5 

C.  W.  deRekowski.  Detroit. 
Mich 

71 

6 

G.   Schreiber  &  Son,   Nord- 
hausen,  Germany 

Allen  G.  Freeman.  San  Fran- 
cisco. Cal 

Productive  No.  2 

56 

7 

K.  Buszczynslci  and  M.  Laz- 
ynski,  Niemiercze,  Russia. . 

Terra  Aktiengeaellschaft  fur 
Samenzucht     of     Ascher- 
Vben,  Germany 

Billings  Sugar  Co..   Billings. 
Mont 

Terra 

71 

8 

J.   S.  Jenks,  San   Frandsco. 
Cal 

Mette's  Elite 

50 

9 

Henry    Mette.   Quedlinburg, 
Germany 

Edmund      Starke.      Detroit. 
Mich 

Schobbert'8  Specialty 

Schobbert's  Ideal 

46 

10 

Carl  Schobbert  &  Co 

Carl  Schobbert  &  Co 

Meinrath  Brokerage  Co..  Chi- 
cago   

67 

11 

Meinrath  Brokerage  Co..  Chi- 
cago   

DioDe 

53 

12 

Great    Western    Sugar    Co., 
Longmount,  Colo ,    , 

Royal  Dutch 

Messrs.  Kuhn  &  Co.,  Naar- 
den,  Holland 

66 

14 

M.  van  Waveren  &  Co.,  New 
York.  N.  Y 

57 
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TABLB2  NO.  VIII. 

MBTBOROIX>GICAL    DATA    FOR    NORTH    DAKOTA    E3XPBRIMBNT 
AND  THB  BDGBIiBY  AND  l^ILLISTON  SUB-STATIONS. 

MAY  TO  OCTOBBR,  1914. 

EXPERIMENT  STATION 


STATION 


Month 

Temperature 

RainfaU 

Sunshine.  Hours 

First  Frost 

Max. 

Min. 

Mean 

Inches 

Total 

Mean 
Daily 

May 

68 

74 
85 

47 
55 
63 

57.5 
64.5 
74.0 

0.81 
6.28 
3.10 

238.5 
195.6 
299.6 

7.9 
6.5 
9.7 

June 

July' 

Total 

65.3 

10.10 

733.7 

8.0 

August 

77 
73 
64 

54 
50 
43 

65.5 
61.5 
53.5 

2.11 
0.80 
1.01 

171.5 
140.8 
206.0 

5.5 
4.7 
6.6 

Sfeptembtf 

October 

October  14  29* 

October  26.  23* 

Total 

60.2 

3.92 

518.3 

5.6 

Sum  Total. . . .' 

62.1 

14.11 

1252.0 

6.8 

WILLISTON  SUB-STATION 

Month 

Temperature 

Rainfall 

Sunshine 

First  Frost 

Max. 

Min. 

Mean 

Inches 

% 

May 

67 
73 
87 

42 
51 
60 

55.0 
62.0 
73.0 

1.19 
6.58 
2.32 

63 
55 
83 

,  •'' 

June. 

July 

Total 

> 

63.3 

10.19 

67 

August 

77 
72 
61 

50 
45 
36 

64.0 
59.0 
49.0 

3.22 
0.46 
0.38 

68 
74 
59 

September 

October 

October  24 — 29  * 

October  25— 27  • 
October  26— 17- 

Total 

57.3 

4.06 

67 

Sum  Total 

60.3 

14.25 

67 

EDGELEY 

SUB-STATION 

Month 

Temperature 

Rainfall 

Sunshine 

First  Frost 

Max. 

Min. 

Mean 

Inches 

% 

May 

71 
75 
87 

43 
52 

57 

57.0 
63.0 
72.0 

1.58 
4.04 
2.60 

X 
X 

X 

• 

June. 

July'.i'ii.i 

Total 

62.2 

8.22 

X 

August. 

78 
76 
66 

51 
45 
37 

64.5 
60.5 
51.5 

1.90 
1.90 
0.96 

X 
X 
X 

September 

October 

Total 

58.8 

4.76 

Sum  Total 

61.5 

12.98 

NOTE. — Temperatures  are  averasre  of  maximuxn.  minimum  ai>d  mean, 
secured. 
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Figure  2.     ICean  daily 
temperature   (by  months) 
for  Wllllston  Bub-statlon, 
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Figure 
3 


D   I  inch  rainfall. 
B   1  hour  BunshiBe. 
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Fig.  3— Rainfall  (inches)  per  month,  and  sunshine  (average  hours  per  day)  at 
the  North  Dakota  Experinuent  Station,  1911-1914. 
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TABLES  NO.  IX. 
SUMMARY  OF   MBTEOROLOGICAL    DATA,   MAY-OCTOBBR. 


Year 

Mean  Daily  Temperature 

RainfaU  (inches) 

Sunshine  (hours) 

OBSERVATIONS  AT  EXPERIMENT  STATION 

1911 
1912 
1913 
1914 

59.5 
58.4 
59.2 
62.1 

14.98 
16.01 
13.90 
14.11 

No  record 
1850 
1537 
1252 

OBSERVATIONS  AT  WILLISTON  SUB-STATION 

1909 
1910 
1911 
1912 
1913 
1914 

58.5 
59.3 
57.5 
57.0 
60.0 
60.3 

8.10 

7.45 

8.61  (Apr.-Aug.) 
16.59 
12.58 
14.25 

No  record 

OBSERVATIONS  AT  EDGELEV  SUB-STATION 

• 

1911 
1912 
1914 

59.0 
59.0 
61.5 

12.60 
18.17 
12.98 

No  record 
•1       •• 

TABLK  NO.  X. 
SUMMARY  OF  ANALYTICAL  DATA. 


Year 

Number 

Samples 

Represented 

Mean  Weight 

Topped  Beets 

(Grams) 

Estimated  Yield 

Per  Acre 

(Tons) 

Average  Per  Cent 
Sugar  in  Beet 

Average  Per  Cent 

Purity  Coefficient 

of  Juice 

SAMPLES  GROWN  AT  EXPERIMENT  STATION 

1911 
1912 
1913 
1914 

6 
11 
72 
42 

1350 
794 
700 
509 

No  record 
««      «« 

17.1 
6.7 

12.31 
13.40 
14.62 
14.74 

75 
80 
86 
85 

SAMPLES  GROWN  AT  WILLISTON  SUB-STATION 

1909 
1910 
1911 
1912 
1913 
1914 

2 
3 
5 

4 

2 

22 

942 
590 
730 
944 
1051 
590 

No  record 
13.8 
14.9 
21.3 
16.3 
16.0 

14.95 
20.10 
15.80 
16.50 
14.45 
19.00 

79 
82 
79 
83 
82 
87 

SAMPLES  GROWN  AT  EDGELEY  SUB-STATION 

1911 
1912 
1914 

1 

1 

30 

950 
596 
800 

No  record 
11.3 
14.7 

13.00 
13.30 
15.40 

75 
76 
82 
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Figure  4. 


Fig.  4 — Relation  of  the  size  of  beets  to  sugar  content  and  coefficient  of  purity 
of  the  samples  from  North  Dakota  Experiment  Station,  1911-1914. 
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Fig.  5^— Relation  of  the  size  of  the  beets  to  sugar  content  and  purity  cocfficieni 
at  the  Williston  Sub-station,  for  the  three  dates  of  harvesting,  1914. 
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TABIiB  NO.  XII. 

SUMMARY  OP  ALL  SUGAR  BBBT  ANALYSBSS   REPORTBSD   FOR  NORTH 

DAKOTA. 


Number  of 
Trials 

Averafe  Per  Cent 
Sugar 

Average  Per  Cent 
Purity  Coefficient 

im 

129 

15 

82 

49 

6 

3 

11.43 
14.38 
12.90 
9.81 
13.40 
13.30 

1898 

79 

1899 

78 

1900 

65 

1905 

74 

1907 

•  «  •  • 

Avoase  of  first  period  (1891  to  1907) 

284 

11.79 

74 

im 

20 

7 

20 

54 

176 
106 

14.30 
16.30 
14.56 
14.04 
14.75 
15.94 

83 

1910 

79 

1911 

76 

1912 

80 

191J 

82 

19U 

84 

Avenge  of  Mcond  period  (1908  to  1914) 

383 

14.95 

82 

f^M  Total 

667 

13.61 

79 
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CHEMICAL  AND  PHYSICAL  CONSTANTS  FOR  WHEAT  AND 

MILL  PRODUCTS 

By  E.  F.  Ladd* 

The  State  Law  enacted  in  1905  makes  it  the  duty  of  the  Experi- 
ment Station  ''to  conduct  experiments  and  determine  the  comparative 
milling  values  of  the  different  grades  of  wheat  by  making  chemical 
analyses  of  the  different  grades  of  wheat  and  baking  tests  of  the 
flours  made  therefrom.  A  record  shall  be  kept  and  published  of 
the  different  grades  of  wheat,  by  whom  graded,  and  the  person  from 
whom  received,  with  the  address,  the  nature  of  the  soil,  previous 
cropping,  etc."  The  enactment  of  this  law  was  secured  through  the 
efforts  of  Congressman  Geo.  M.  Young,  while  he  was  State  Senator. 

In  accordance  with  this  provision  of  the  Law  experiments  were 
undertaken,  and  from  1907,  when  the  regular  milling  tests  were  first 
made,  to  1914  inclusive,  some  660  complete  trials  were  carried  out  on 
North  Dakota  grown  wheat  to  enable  us  to  gather  data  both  with 
regard  to  the  several  varieties  of  wheat  generally  grown  in  the  state 


// 


y^ 


Pig.  1.    Showing  per  cent  of  wheat  bran    for  the  several  varieties   of  wheat 

for  eight  years. 


and  as  to  the  climatic  and  soil  influences  on  the  value  of  the  wheat 
for  milling  and  baking  purposes.  The  real  value  of  the  product  must 
ultimately  be  determined  by  the  demands  of  the  consumer  as  expressed 
in  his  choice  and  his  willingness  to  pay  a  reasonable  price  for  the 


*For  the  chemical,  milling  and  baking  data  contained  in  this  article  I  am 
indebted  to  my  associates,  especially  T.  Sanderson,  Levi  Thomas,  W.  L. 
Stockham  and  earlier  workers  in  the  Department,  Prof.  H.  L.  Wliite,  L.  A. 
Fits,  and  G.  H.  Bailey.  For  the  presentation  of  the  data  the  writer  alone  is 
responsible. 

**Kote:  This  article  contains  data  gathered  as  the  ''Joint  Cooperative 
Work  of  the  Experiment  Station  and  the  Office  of  Grain  Sandardization  of 
the  United  States  Department  of  Agriculture." 
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article.  The  great  mass  of  data  cannot  well  be  presented  and,  at 
best,  we  can  only,  at  this  time,  present  a  compilation  or  summary, 
otherwise,  the  whole  mass  becomes  confusing  in  any  attempt  at  pre- 
sentation of  figures  for  each  individual  test. 

In  a  general  way  we  can  present  studies  for  the  several  varieties, 
especially  for  Fife,  Bluestem,  Velvet  Chaff  and  Durum.  Marquis  and 
Winter  wheat  can  hardly  be  compared  since  our  first  studies  with 
Marquis  wheat  began  in  1913  and  were  continued  through  1914  for 
26  samples,  so  there  cannot  be  considered  the  wide  range  for  seasonal 
changes,  and  the  results,  therefore,  are  only  comparable  for  the  two 
years. 

SCREENINGS 

The  total  amount  of  screenings  for  the  wheat  crop  in  North 
Dakota  amounts,  in  a  single  year,  to  an  enormous  quantity.  In  1892 
the  writer  pointed  out  in  Bulletin  No.  8,  that  the  data  gathered  from 
64  samples  of  wheat  taken  at  elevators,  reported  a  dockage  of  2.85%. 
Prom  1907  to  the  close  of  1914  there  were  tested  at  the  Mill,  for  the 
purpose  of  determining  the  screenings,  652  samples.  The  loss  in  clean- 
ing may  be  summarized  for  the  wheat  as  received  from  the  farmers, 
as  follows: 

SCREENINGS 

Average    652  samples 8.99 

Minimum   652  samples 0.00 

Maximum  652  samples 38.20 

These  screenings  were  composed  of  shrunken  and  broken  kernels 
of  wheat,  dirt,  weed  seed,  wild  oats,  etc.  There  were  39  samples 
that  showed  a  loss  above  10%  in  cleaning,  and  of  these  6  ranged  be- 
tween 20%  and  30%  loss ;  83  samples  were  above  30%.  Taking  these 
figures  as  they  stand,  the  amount  of  screenings  in  a  crop  of  100,000,000 
bushels  would  be  239,400,000  pounds,  or  119,700  tons.  For  these 
screenings  when  shipped  with  the  wheat  to  the  market,  the  grower 
receives  not  only  no  pay,  but  he  must  pay  the  freight  on  the  material 
to  the  terminal  elevator  or  market.  This  material  retails  to  the  farmer 
at  above  $20.00  per  ton,  at  which  price  the  screenings  as  indicated 
would  bring  $2,394,000  for  a  single  year's  crop.  They  job  screenings  at 
about  $12.00  to  $15.00  per  ton.  The  feeding  value  of  these  screenings, 
as  determined  from  analysis,  shows  that  they  are  a  valuable  stock  feed. 

ANALYSIS  OFZSGREBNINGS 

Watef^Fko6 

Percent. 

^xSD      ...•.•••..••.■.••^..••••••••.■. — O.^u 

Btlier  extract   (fat)    r 5.18 

Protein     (Nxe.26)     17.69 

Crude  fibre  14.36 

Nitrogen   free   extract   57.32 

Totol    100.00 
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LOSS  IN  MILLING 

The  average  loss  in  milling  for  665  trials,  representing  all  classes 
and  grades  of  wheat,  showed  2.24%.  Sometimes  there  was  a  slight 
gala;  and  the  heaviest  loss  was  8.28%.  This,  therefore,  represents  the 
loss  which  comes  to  the  miller  during  the  transformation  of  the  wheat 
into  the  final  mill  products.  Occasionally,  there  was  a  gain;  the 
maximum  amount  of  gain  being  2.46%,  due  largely  to  water  absorbed 
in  tempering  the  wheat.  Of  the  samples  tested  56  showed  some  gain, 
while  37  samples  showed  a  loss  above  5%.  The  loss  in  milling  is  a  diffi- 
cult factor  to  control  and  is  attributable  to  several  causes, — evaporation 
of  moisture,  the  hanging-up  or  clinging  to  the  inside  of  the  spouting 
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Fig.  2.    Showing  per  cent  of  shorts  produced  hj  the  several  varieties  of  wheat 

by  years. 


material,  and  to  particles  that  dust  out  through  cracks  and  crevices. 
It  has  been  noticed  that  the  heaviest  loss  was  incurred  in  milling  soft 
wheats,  probably  due  to  the  fact  that  the  flour  produced  was  of  much 
softer  and  fluffier  character ;  therefore,  a  much  larger  proportion  of  it 
tended  to  hang-up  and  was  retained  in  the  mill. 

PLOUB 

The  testing  of  661  sample  of  wheat  during  the  period  of  eight 
years,  all  varieties  and  grades,  for  the  production  of  flour,  showed : 


FLOUR  FROM  WHEAT 

Percent 

Average     68.82 

Maziiniim    79.41 

Minimum  53.21 

In  the  trials  210  samples  gave  a  yield  of  flour  of  70%  or  better, 
and  5  samples  gave  a  yield  below  60%. 

If  we  summarize  our  results  according  to  the  varieties  of  wheat 
for  the  same  period,  we  find,  for  the  two  years  under  trial,  that  Mar- 
quis gave  a  slightly  higher  per  cent  (71.04%)  of  flour;  and  for  the 
eight  years  Velvet  Chaff  averaged  the  lowest,  or  67.11%.  The  per 
cent  of  flour  for  Durum  was  69.01%,  while  that  for  Fife  was  69.60, 
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and  Bluestem  69.78.  Therefore,  so  far  as  the  total  per  cent  of  flour 
is  concerned,  there  is  a  marked  difference  between  the  several  varieties 
of  wheat  under  trial  for  the  series  of  years,  while  a  study  of  the  grades 
will  show  somewhat  different  results. 

WHEAT    BRAN 

We  have  data  for  649  samples  for  all  classes  of  wheat,  showing 
an  average  of  12.71%  of  bran;  the  maximum  per  cent  for  these  trials 
was  23.23,  and  the  minimum  2.90%.  There  were  13  samples  that  gave 
above  20%  of  bran  and  150  samples  gave  less  than  10%  of  bran.  The 
amount  of  bran,  therefore,  in  a  100,000,000  bushel  crop  would  amount 
to  381,300  tons. 

SHORTS 

In  our  trials  there  were  651  tests  of  the  several  varieties  and 
grades  of  wheat  for  the  same  period  which  gave  an  average  of  15.15% 
of  shorts;  a  maximum  of  23.63%  ;  and  a  minimum  of  7.70%.  In  these 
trials  84  samples  ranged  from  20%  to  30%,' and  10  samples  averaged 


Fig.   3.    Showing  per  cent  of  Bran  and  Shorts  by  grades  for  aU  varieties  of 

wheat  by  years. 


less  than  10%  of  shorts.  Prom  100,000,000  bushels  of  wheat  there 
would  be  produced  450,500  tons  of  shorts  when  the  averages  are  used 
in  calculation. 


LOAF  VOLUME 


In  the  baking  trials  upon  646  samples  of  flour,  produced  from  all 
classes  and  varieties  of  wheat,  for  the  years  1907  to  1914  inclusive, 
the  average  loaf  volume  was  2343  cubic  centimeters;  a  maximum  of 
2910  c.  c,  and  a  minimum  of  1510  c.  c.  Only  12  samples  out  of  646, 
however,  showed  a  yield  of  less  than  1800  c.  c.  for  loaf  volume. 
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TABLE  I.    SHOWING  PERCENT  OF  MILL  PRODUCTS  PRODUCED  BY  THE 

SEVERAL  VARIETIES 


Variety 


Number 
Samples 


Percent  Produced  of 


Flour 


Bran 


Shorts 


Loaf 

Volume- 

c.  c. 


Fife     

Bluestem    

Marquis    ~. 

Velvet  Chaff  .. 
Winter  Wheat 
Dnnim 


75 

69.60 

12.35 

15.60 

825 

69.78 

13.93 

13.93 

26 

71.04 

15.15 

14.73 

59 

67.11 

12.80 

17.27 

38 

69.86 

13.69 

14.33 

127 

69.01 

8.76 

19.14 

2373 
2419 
2499 
2398 
2295 
2071 


MILL  PRODUCTS 

Begiiming  with  1907  numerous  milling  tests  were  made  with  the 
several  varieties  of  wheat  most  generally  grown  in  this  state,  showing 
yields  for  the  several  years,  for  flour,  bran  and  shorts  and  for 
varieties  as  indicated  in  the  table. 

It  is  interesting  to  note  that  in  general  the  per  cent  of  flour  pro- 
duced from  the  several  brands  follows  the  same  general  curve;  that 
is,  the  variation  in  the  per  cent  of  flour  seems  to  be  due  more  largely 
to  climatic  or  seasonal  differences  than  to  variety  differences.  The 
diagram  for  the  per  cent  of  flour  produced  for  the  several  varieties 
clearly  indicates  this.  In  general  Velvet  Chaff  produced  a  lower  per 
cent  of  flour  than  any  of  the  varieties,  although  at  the  same  time  it 
produced  the  maximum  per  cent.  There  is  very  little  difference  be- 
tween the  Fife  and  Bluestem,  and  it  is  interesting  to  note  that  for  the 
period  of  eight  years  Durum  wheat  has  averaged  only  slightly  lower 
in  per  cent  of  flour  than  the  other  varieties.    In  general  there  were 


Fig.  4.     Showing  per  cent  of  flour  yielded  for  each  variety  of  wheat  by  years. 


samples  enough  for  the  entire  period  to  get  fair  averages  for  the 
several  varieties,  but  not  in  all  instances  for  the  several  grades  of  the 
different  varieties.  The  75  samples  of  Fife  gave  an  average  of  69.82% ; 
the  325  samples  of  Bluestem  gave  an  average  of  69.59% ;  while  the 
general  average  by  years  can  best  be  shown  in  a  table. 
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TABLE  II.     MILL  PRODUCTS  FOR  VARIETIES  BY  YEARS 


1918 

Flour 

Bran 

Shorts 

1914 

Flour 

Bran 

Shorts 


Fife 

Bl 

li.if 
$ii«lei 

uettem 

Winter  Wheat 

Velv 

et  Chaff 

Durum 

li.if 
$ii«lei 

q* 
Flour 

Floor 

li.if 
SiiplB 

Flour 

li.if 
SiiplB 

Flour 

ii.tr 

$ii«lei 

Flour 

1907 

Flour 

Bran 

Shorts 

5 
5 
5 

72.05 
11.17 
14.01 

9 
9 
9 

69.51 
12.62 
14.27 

2 
2 
2 

64.40 
11.50 
18.55 

2 
2 
2 

68.30 
12.90 
13.31 

17 
17 
17 

71.52 

8.18 

18.01 

1908 

Flour 

Bran 

Shorts 

9 
9 
9 

71.56 
13.50 
14.42 

12 
12 
12 

71.23 
12.69 
12.62 

2 
2 
2 

69.18 
18.40 
16.86 

5 
5 
5 

69.77 
11.88 
15.28 

31 
31 
31 

70.29 

8.62 

19.47 

1909 

Flour 

Bran 

Shorts 

13 
18 
13 

69.40 
10.67 
15.90 

11 
11 
11 

69.57 
12.27 
15.70 

.... 

3 
3 
3 

67.40 
12.27 
17.20 

18 
18 
18 

70.26 

6.12 

20.97 

1910 

Flour 

Bran 

Shorts 

12 
12 
12 

71.90 

9.91 

16.45 

13 
13 
13 

70.19 
10.78 
16.66 

.... 

20 
20 
20 

65.74 
11.01 
20.73 

10 
10 
10 

67.96 

5.69 

24.00 

1911 

Flour 

Bran 

Shorts 

15 
15 
15 

67.36 
12.02 
17.79 

32 
32 
32 

68.01 
11.83 
17.42 

6 
6 
6 

68.60 
11.00 
19.00 

9 
9 
9 

64.78 
11.89 
19.37 

10 
10 
10 

69.98 

8.40 

18.95 

1912 

Flour 

Bran 

Shorts 

7 

7 
7 

70.72 
11.51 
16.00 

84 
84 
84 

71.29 
12.10 
13.29 

3 
3 
3 

68.98 
12.18 
17.65 

2 
2 
2 

73.06 
12.26 
11.96 

13 
18 
13 

71.13 

9.16 

17.42 

1913 

Flour 

Bran 

Shorts 

6 
6 
6 

69.77 
15.10 
13.60 

104 
104 
104 

71.36 
14.76 
11.57 

14 
14 
14 

72.46 
14.04 
12.17 

12 
12 
12 

69.97 
14.83 
13.34 

13 
13 
13 

70.03 

9.93 

17.62 

1914 
Flour 
Bran 
Shorts 

8 
8 
8 

66.79 
18.76 
14.05 

60 
60 
60 

65.54 
17.83 
16.14 

9 
9 
9 

68.52 
16.88 
13.98 

6 
6 
6 

64.72 
18.06 
16.18 

16 
16 
15 

68.93 
13.76 
17.28 

Marquit  Wheat 


18 
13 
13 


18 
18 
18 


70.79 
13.47 
14.08 


66.83 
16.83 
16.87 


279 


MILLING  TESTS  BY  GRADES 

Tests  have  been  made  to  show  the  various  per  cents  of  mill  pro- 
duets  which  are  secured  in  the  several  varieties  of  wheat,  although 
in  mill  practice  the  varieties  are  usually  blended  together  according 
to  grade  and,  at  times,  the  grades  are  mixed,  but  for  convenience,  as 
giving  instructive  information,  I  am  tabulating  the  results  by  years, 
according  to  the  grade  of  wheat,  without  regard  to  variety,  showing 
the  number  of  samples  milled  and  the  per  cent  for  the  several  grades, 
also,  the  bran  and  shorts  for  the  same  period. 

TABLE  ni.    FLOUR  AVERAGES  BY  GRADES  OF  WHEAT 


Year 


1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 

Atp. 


Grade  1 


li.if 


Flour 


Grade  2 


ll.«f 


Flour 


Grade  3 


li.if 


Flour 


Grade  4 


Grade  Rejected 


li.if 


Flour 


SHORTS  AM&RAGES  BY  GRADES  OF  WHEAT 


li.«f 


19 

71.84 

11 

70.20 

4 

68.97 

1 

64.67 

••«• 

46 

70.79 

11 

70.60 

2 

67.78 

1 

68.34 

•••• 

31 

70.28 

8 

67.63 

6 

69.88 

•«•• 

••«• 

49 

68.76 

5 

66.35 

2 

70.76 

1 

66.60 

•••• 

17 

70.65 

19 

68.28 

19 

66.87 

11 

66.19 

6 

32 

69.09 

20 

71.54 

61 

71.16 

5 

68.49 

1 

102 

71.22 

44 

71.20 

13 

70.88 

1 

66.47 

2 

20 

68.74 

17 

67.96 

18 

69.03 
69.41 

39 

64.74 

17 

70.12 

69.21 

67.33 

% 
Fionr 


64.07 
74.54 
67.17 
62.87 

66.91 


BRAN  AVERAGES  BY  GRADES  OF  WHEAT 

1907 

19 

9.50 

11 

10.07 

4 

12.73 

1 

16.25 

•  ■*• 

1908 

45 

10.00 

11 

11.44 

2 

14.30 

1 

11.90 

••«• 

•■•••••• 

1909 

81 

8.50 

8 

12.95 

6 

10.60 

••«• 

*••••••» 

••M 

••«■•«•• 

1910 

49 

9.63 

5 

12.02 

2 

7.10 

1 

8.90 

•••« 

1911 

17 

9.21 

19 

10.26 

19 

12.14 

11 

12.30 

6 

12.22 

1912 

32 

10.11 

20 

11.74 

61 

12.65 

5 

12.80 

1 

15.70 

1913 

102 

18.96 

44 

14.44 

13 

14.83 

1 

12,70 

2 

17.60 

1914 

20 

14.53 

17 

16.37 

18 

16.54 

39 

18.43 

17 

18.86 

1907 

19 

16.31 

11 

17.09 

4 

13.98 

1 

14.66 

•  ••• 

«•«•■•*• 

1908 

45 

17.86 

11 

16.06 

2 

13.85 

1 

16.68 

■  ••• 

•••■*■.• 

1909 

31 

18.72 

8 

15.05 

6 

17.96 

•••• 

«••• 

1910 

49 

19.56 

5 

18.08 

2 

19.05 

1 

20.00 

•  ■■* 

1911 

17 

17.56 

19 

17.50 

19 

17.76 

11 

18.29 

6 

20.63 

1912 

32 

15.23 

20 

13.81 

61 

13.18 

5 

14.14 

1 

7.80 

1913 

102 

12.71 

44 

11.94 

13 

12.12 

1 

19.10 

2 

14.65 

1914 

20 

16.59 

17 

13.94 

18 

13.92 

39 

16.44 

17 

17.74 

MOISTTJBE  IN  WHEAT  BEFORE  AND  AFTER  TEMPERING;  ALSO 

IN  FLOUR 

In  1907  records  were  not  kept  as  to  the  per  cent  of  moisture  in 
wheat  before  or  after  tempering,  but  for  the  other  years  we  have  full 
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data.    For  all  varieties  and  grades  for  the  seven  years  it  was  found 
that  the  average  before  tempering  wheat  was  13.09%  of  moisture.  The 
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Fig.  5.    Showing  average  per  cent  of  moisture  in  wheat  before  and  after  temper- 
ing, also  in  flour  from  same. 

average  after  tempering  was  14.82%,  or  there  was  a  gain  of  1.73  per 
cent  of  moisture  due  to  the  process  of  tempering.     It  is  interesting 


TABLE  IV.    PERCENT  OF  WATER  IN  WHEATS  AND  FLOURS 


Wheat  before  tempering 
Wheat  after  temperincr  •■ 
Flour,  percent  


13.07 

13.48 

13.14 

14.49 

16.10 

14.70 

10.54 

10.63 

10.92 

12.72 
14.99 
10.46 


to  note  that  the  flour  produced  from  these  same  samples  showed  an 
average  of  10.61%  of  moisture. 


Fig.  6.  Diagram  showing  per  cent  of  flour  for  each  grade  of  wheat  aU  varieties 

combined  by  years 


The  average  per  cent  of  moisture  for  the  several  years  and  the 
different  varieties  is  shown  in  the  table : 
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TABLE  V,     PERCBNT  OF  MOISTURE  IN  WHEAT  BEFORE  TEMPERING 


Year 


Bluettem 


Durum 


1908 
1909 
1910 
1911 
1912 
1913 
1914 


Average 


11.51 
12.85 
12.75 
13.76 
14.05 
18.20 
13.17 

13.07 


12.6 

13.13 

13.95 

14.07 

16.20 

12.82 

12.72 

13.48 


12.8 

13.2 

14.03 

13.20 

13.45 

12.79 

13.02 

13.14 


PERCENT  MOISTURE  IN  WHEAT  AFTER  TEMPERING 


10.76 
11.11 
14.65 
14.05 
13.13 
13.18 
12.77 

12.72 


1908 
1909 
1910 
1911 
1912 
1913 
1914 


Average 


13.52 
14.75 
13.45 
14.92 
16.13 
14.71 
14.99 

14.49 


15.20 
13.90 
14.80 
15.33 
16.43 
14.67 
15.39 

15.10 


14.96 

14.00  . 

13.87 

16.80 

15.70 

14.28 

16.54 

14.70 

14.70 

14.17 

14.87 

16.76 

15.35 

14.70 

14.99 

PERCENT  MOISTURE  IN  THE  FLOUR 


1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 


Average 


7.47 

7.13 

8.19 

7.64 

9.72 

9.17 

9.84 

10.00 

11.47 

11.88 

11.26 

11.29 

11.83 

11.51 

11.89 

11.13 

10.47 

11.06 

11.17 

10.80 

11.07 

10.93 

11.41 

10.44 

11.48 

11.07 

11.22 

11.62 

11.87 

11.97 

12.44 

10.87 

10.54 

10.53 

10.92 

10.46 

PBOTEIN  IN  WHEAT 

The  amount  of  protein  (Nx6.25)  in  the  several  varieties  of  wheat 
for  the  eight  years,  1907  to  1914  inclnsive,  shows  not  a  wide  range 
for  the  several  varieties  in  the  same  grade. 

TABLE  VI.    PERCENT  PROTEIN  IN  WHEAT 


Variety 

Grade  No.l 

Grade  No.2 

Grade  No.3 

Grade  No.4 

Rejected 

Mean 

Bloestem    

Fife  

Velvet  Chuff   

rhimm    

Average    

14.41 
14.54 
14.21 
14.89 

14.88 

13.25 
14.55 
12.66 
16.27 

14.15 

15.69 
16.29 
14.69 
16.16 

15.68 

1 
14.76 

14.82 
14.52 
14.63 

14.72 

12.69 

14.84 

........ 

14.08 

14.56 
14.48 
14.05 
15.33 

14.60 

The  average  per  cent  of  protein  for  all  the  samples  of  wheat  is 
14.60%,  while  the  maximum  per  cent  was  16.29  per  cent  for  grade 
No.  3  Fife  wheat,  and  the  minimum  per  cent  was  12.56  for  Grade 
No.  2  Velvet  Chaff. 


PROTEIN  IN  FLOUB 

Determinations  made  of  protein  in  some  600  odd  samples  of  the 
several  grades  of  wheat,  and  the  amount  of  protein  when  nitrogen  was 
inultiplied  by  6.25,  showed  as  follows : 


TABLE  VII.    PROTEIN  IN  FLOUR 


Variety 


Grade  No.l 


Grade  No.2 


Blaestem    — 

Fife  

Velvet  Chaff 
Durum 

Mean  of  all 


Grade  No^ 


Grade  No.4 


Rejected 


13.25 
13.63 
12.77 
14.62 

13.12 

12.95 
13.12 
11.56 
14.80 

13.19 

14.32 
15.04 
13.32 
15.82 

14.45 

13.88 
13.55 

18.82 

13.78 

13.93 
11.69 
12.44 

13.06 

Mean 


13.46 
13.14 
14.45 
13.76 

13.70 


The  difference,  therefore,  in  the  per  cent  of  protein  found  in  the 
flour  made  from  the  several  grades  of  wheat  does  not  materially  differ. 


Grades. 


Fig.  7.  Showing  per  cent  of  protein  in  the  several  grades  of  wheat  all  varieties 

and  in  the  flour. 


and  the  average  for  all  the  grades  and  varieties  was  12.78%,  while 
the  per  cent  of  protein  in  the  wheat  averaged  for  all  varieties  and 
grades  14.60,  or,  for  the  flour  1.82%  lower  than  the  average  for  all 
the  wheats  from  which  the  flour  was  produced. 

Taken  as  a  whole.  Velvet  Chaff  showed  a  lower  per  cent  of  protein 
than  either  of  the  other  varieties,  while  the  Durum  averaged  some- 
what higher. 

No  direct  relationship  can  be  traced  to  seasonal  differences, 
although  in  different  seasons  the  several  varieties  have  shown  a 
difference  in  total  protein.  In  this  study  no  attempt  is  made  to 
differentiate  between  the  different  types  of  gluten  constituents  in 
the  flour. 
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TABLE  VUI.    PROTEIN  IN  WHEAT  BY  GRADES  AND  YEARS 


BLUESTEM— PERCENT  PROTEIN— NX6.29 


FIFE 


Year 

Grade  No.  1 

Grade  No.  2 

Grade  No.  3 

Grade  No.  4 

Rejected 

1907    

1908    

1909    

1910    

1911     

1912    

1913    

12.09 
12.82 
13.21 
13.89 
13.52 
14.06 
13.17 

14.78 
11.39 
11.94 

••««»••« 

13.14 
14.09 
12.48 
12.84 

13.12 
16.56 
16.66 
13.31 
14.10 
14.70 
12.60 
13.60 

13.37 

14.36 
14.78 

13.02 

14.62 
14.00 

1914    

18.18 

Average 

13.26 

12.96 

14.32 

13.88 

13.93 

1907  -. 

1908  

1909  

1910  ~ 

1911  

1912  

1913  

1914  

Average 

1907  

1908  

1909  

1910 

1911  

1912  

1913  

1914  

Avenge 

1907  

1908  

1909  

1910  

1911  

1912  

1913  

1914 

Average 


13.63 


12.59 

12.50 

16.60 

14.78 

10.06 

16.25 

14.46 

12.67 

16.26 

14.66 

15.87 

13.36 

14.39 

12.69 

13.81 

12.84 

13.81 

13.12 


14.81 


16.04 


15.14 


11.97 


13.55 


11.69 


11.69 


VELVET  CHAFF 


11.81 
13.04 
15.06 
13.83 

■•••■««« 

13.50 
12.06 
10.63 

12.77 


11.00 


12.04 
10.75 

12.44 
11.57 

11.66 


12.31 

13.09 
13.00 
12.81 
15.38 

13.32 


12.63 
12.25 

12.44 


DURUM 


12.65 
15.46 
15.24 
16.46 
16.16 
12.89 
14.24 
13.13 

14.62 


12.06 
13.92 


16.81 
17.69 
13.10 
16.81 

14.89 


18.26 
17.31 

13.12 
13.76 
14.19 

16.32 


11.13 
14.88 

16.44 


18.82 


284 


COLOR 


The  color  of  flour  is  of  importance  as  the  housewife  and  the 
baker  give  preference  to  a  flour  for  bread-making  which  is  decidedly 
white.  In  fact,  the  public  have  come  to  judge  the  quality  of  flour 
by  certain  physical  appearances,  and  thus,  may  for  a  time  be  misled 
when  these  usually  recognized  characteristics  have  been  obliterated, 
or  other  less  choice  articles  have  been  made  to  appear  like  the  genuine 
product.  Color  is  expressed  on  the  empyrical  scale,  ranging  from 
50  to  100  or  above.  Anything  below  50  is  considered  as  being  below 
a  low  grade,  and  usually  goes  to  the  reddog  flour  or  with  the  mid- 
dlings. The  whiter  the  color,  the  higher  the  color  score;  the  darker 
flours  receiving  lower  scores,  depending  upon  the  depth  of  the  color. 

When  bleaching  by  means  of  nitrogen  peroxide  was  practiced 
the  housewife  was  for  a  time  misled,  but  even  before  bleaching  came  to 
be  prohibited  by  the  State,  chemically  treated  or  bleached  flour  was 
coming  to  be  discredited  by  many  intelligent  housewives  and  tabooed 
by  the  expert  baker.  On  the  other  hand,  so  long  as  big  profits  could 
be  wrung  from  the  consumer  the  owners  of  the  patents  were  willing 
to  spend  freely  of  their  profits.  The  real  reason  for  bleaching  at  all 
seems  to  be  well  expressed  by  Dr.  Otto  Polin  of  Harvard  University  in 
his  work  on  ''Preservatives  and  Other  Chemicals  in  Po^ds,"  when  he 
says: 

''The  addition  of  dangerous  chemicals  to  food  products  for  no  other  purpose 
than  to  hide  inferiority  is  a  practice  which,  from  the  standpoint  of  the  con- 
sumer, has  nothing  to  recommend  it.  Take  for  example  the  notorious  ease  of 
bleached  flour  which  has  been  before  the  courts  for  the  last  four  years.  One 
of  the  natural  and  more  or  less  reliable  indexes  to  the  baking  quality  of  flour 
is  its  color.  The  only  purpose  of  the  bleaching  was  to  make  the  flour  from 
dark  wheat  look  as  white  as  the  best  patent  flour.  To  accomplish  this  purpose 
had  been  the  aim  of  commercial  chemists  for  many  years,  and  they  finally 
succeeded.  The  reward  for  their  success  was  contributed  by  the  consumers  of 
the  bleached  flour  at  the  rate  of  from  flfty  cents  to  a  dollar  extra  per  barrel. 

''This  'artificially  aged'  flour,  as  its  owners  and  defenders  liked  to  call  it. 
was  produced  by  mixing  the  flour  with  a  very  poisonous  gas  called  nitrogen 
peroxide.  The  flour  absorbed  this  gas  as  a  sponge  absorbs  water  and  in- 
stantly became  white.  The  millers  themselves,  and  in  fact  the  leading  attorney 
for  the  millers,  had  probably  never  been  thoroughly  informed  as  to  the  nature 
of  their  bleaching  process.  The  nitrogen  peroxide  which  they  used  was 
prepared  in  their  mills  electrically,  and  they  endeavored  to  make  out  that  they 
had  simply  mixed  the  flour  with  air  which  had  been  electrically  purified,  some- 
what in  the  same  way  as  a  thunderstorm  is  held  to  purify  the  atmosphere. 
What  they  were  really  using,  however,  was  nitrogen  peroxide,  which  is 
equivalent  to  a  mixture  of  nitric  acid  and  nitrous  acid,  both  very  poisonous. 
The  addition  of  the  bleaching  agent  had  to  be  regulated  with  great  care,  for 
if  too  much  was  introduced  the  flour  turned  yellow  and  became  wholly  unfit 
for  food.  This  fact  was  interpreted  by  the  promoters  of  the  process  and  their 
attorneys  as  a  natural  and  effective  protection  for  the  consumer." 

Other  methods  for  treating  flonr  are  promoted,  it  would  seem,  for 
no  other  purpose  that  that  which  prompted  the  bleaching  of  flour. 
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Not  one  of  these  methods  or  devices  contributes  in  any  part  to  the 
real  milling  problem,  and  while  being  promoted  from  the  office  end 
are  not  at  all  commended  by  the  real  expert  miller.  Sooner  or 
later  all  deceptive  subterfuges  will  be  prohibited,  although  many  of 
them  will  for  a  time  at  least  have  a  run  only  to  work  injury  in  the 
end. 

The  eolor  score  for  bread  made  from  the  several  varieties  of  flour 
ranged  as  follows: 


GOLOR  SGORE 


Blaestem     ... 

PIfe    — 

YelTet  chaff 

Damm 

Mean  for  all 


Color 
Percent 

94.66 

96.50 

94.49 

91.00 

93.94 


The  Durum  has  more  of  the  yellow  and  less  of  the  white,  but  this 
does  not  necessarily  indicate  a  lower  food  value  for  the  Durum  than 
for  Fife  or  Bluestem  flours;  in  fact,  the  gluten  or  protein  content 
is  greater  for  the  Durum  than  for  the  other  hard  spring  wheat  flours. 


4^o4f  2/o}z/^e. 


Fig.  8.  Showing  average  loaf  volames  for  bread  from  flours  of  different  varieties 

of  wheat. 

RECEIPTS     AND     SHIPMENTS     OF     NORTHERN     SPRING     WHEAT     BY 

ORABES 

Minneapolis  Elevators,  Sept.  1, 1910  to  Aug.  31,  1912. 
As  indicating  the  proportion  of  the  several  grades  of  wheat 
which  found  its  way  to  the  market,  the  following  table  from  the  report 
of  the  Chief  Inspector  of  Grain  for  Minnesota  will  be  found  of  interest 
and  probably  will  serve  as  a  safe  guide  to  the  proportion  of  the 
several  grades  coming  upon  the  market. 
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^     .  Recdred*  Shipped 

Gr*de  (but.)  (bus.) 

No.    1    Hard   586,600  276,484 

No.  1  Northern  16,571,675  19,978,777 

No.  2  Northern  20,418,584  22,242,410 

No.  3  Northern  9,770,031  7,664,232 

No.  4  Northern  2,812,663  624,433 

Rejected   1,175,513  621,773 

No  grade   4,606,665  1,000.945 


Total     55,025,521  52,409,054 

*BeceiptB  included  amounts  on  hand  at  tlie  beginning  of  the  period,  and 
shipments  included  amounts  on  hand  at  the  end  of  the  period.  The  omission  of 
Durum  and  Winter  wheats  in  the  table  renders  the  totals  of  receipts  and  ship- 
ments non-comparable. 

If  we  calculate  the  per  cent  in  the  foregoing  for  each  of  the 
grades  as  received  and  shipped  out,  we  shall  have  as  follows: 


TABLE  IX.    GRADES  OP  WHEAT  RECEIVED  AND  SHIPPED  OUT 


^     .  At  Received  Shipped  oat 

G"°«  Percent  Percent 

No.  1   Hard  1.0  0.5 

No.   1   Northern   28.3  38.1 

No.   2   Northern 37.1  42.4 

No.  3   Northern   17.7  14.6 

No.   4   Northern   5.1  1.2 

Rejected     2.1  1.1 

No  grade  8.5  1.9 


Total  „ 99.8  99.8 

The  results  not  being  carried  out  in  full  there  is  a  loss  of  0.2% 
in  each  case  and  this  is  not  considered  in  our  calculations. 

At  the  prices  which  we  have  already  named  for  wheat,  for  the 
several  grades,  with  the  exception  of  **no  grade,"  we  should  have 
for  the  grades  as  received  the  following  values ;  and  if  we  assume  that 
'*no  grade"  would  bring  80  cents  per  bushel,  no  injustice  would  be 
done  as  the  price  is  probably  greater  than  that  which  has  been  paid 
for  the  wheat. 

TABLE  X.    VALUE  OP  WHEAT  AT  MINNEAPOLIS  ELEVATORS 


Grade  iJ^**"^j  per  Vtlue 

Received  ^^^^ 

No.  1  Hard  586,000  x  $1.06  r=  $      620,560 

No.  I'*  15,571.575  x  1.0167  =  15,831,621 

No.  2" 20.418,584  x  0.9847  =  20,101,258 

No.  8*»  9,770,031  x  0.9663  =  9.440,780 

No.    4»    2,812.653  x  0.9092  =  2.557,264 

Rejected    1,175,513  x  0.8531  =:  1,002,831 

No  Grade   4,696,565  x  0.80  =  3,766,452 


55,025,621  Total  $  53,810,764 
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TABLE  X.  (Gout.)    VALUE  OP  WHEAT  AT  MINNEAPOLIS  ELEVATORS 


Grade 


No.  1  Hard 
Xo.    1" 

No,  2»  

No.  3«  _. 
No.  4'»  ._ 
Rejected  .. 
No.  Grade 


Price 


At  Shipped 

per 

Valoe 

oot 

Butbd 

276,484 

X 

1.00 

ss 

'    298,073 

10.078,777 

X 

1.0167 

=s 

20,312,422 

22,242,410 

X 

0.0847 

ss 

21,902,101 

7,664,232 

X 

0.9663 

ss 

7,406,947 

624,438 

X 

0.9092 

ss 

567,734 

621,773 

X 

0.8531 

ss 

530,434 

1,000,000 

X 

0.80 
Total 

^■^ 

800,000 

52,409,054* 

$  51,811,711 

^There  still  remains  unsold,  according  to  the  report,  2,616,464  bushels 
of  wheat  the  grade  for  which  is  not  given.  If  this  should  average  no  better 
than  No.  3  its  value  would  be  $2,528,289.  The  amount  then  received  would 
be  $54,340,000,  or  a  gain  of  $1,029,236  exclusive  of  any  increase  in  the  selling 
priee  over  the  purchase  cost  of  the  wheat. 

Let  US  assume  again  that  North  Dakota  markets  100,000,000 
bushels  of  wheat  and  that  the  wheat  as  received  and  sold  from  the 
elevators  should  be  for  the  same  per  cent  and  for  the  same  price  per 
bushel  as  in  the  foregoing.  What  would  be  the  difference  for  the 
product  t 


Grade 


But. 

Price 

FVWheat 

per 

Value 

ReoeiTed 

Bothel 

1,000,000 

$1.06 

^s 

$  1,060,000 

28,300,000 

1.0167 

^ 

28,772,610 

37,100,000 

0.9847 

=5 

36,532,370 

17,700,000 

0.9663 

ss 

17,103,510 

5,100,000 

0.9092 

ss 

4,636,920 

2,100,000 

0.8531 

as 

1,791,510 

8,500,000 

z 

0.80 
Total 

" 

6300,000 

$  96,696,920 

No.  1   Hard 

No.   1» 

No.   2» 

No.  S" 

No.  4» 

B^Jected 

No  grade  


In  the  same  way  if  the  grain  is  mixed  and  re-graded  our  results 
would  show  as  follows : 


Grade 


Wheat 


Price 


ReceiTcd 

No.  1  Hard  600,000 

No.  !•  38,100,000 

No,  2«  42,400,000 

No.  8»  14,600.000 

No.  4»  1,200,000 

Rejected    1,100,000 

^0  grade   .M....~~~..~..»..M~~............ 1,900,000 


per 
Bushel 

Valoe 

X 

$1.06 

.    ^ 

$        530,000 

X 

1.0167 

SB 

38,736,270 

X 

0.9847 

ss 

41,751,280 

X 

0.9663 

as 

14,107,980 

X 

0.9092 

s= 

1,091,040 

X 

0.8531 

as 

938,410 

X 

0.80 
Total 

^^* 

1,520,000 

$  98,674,980 

The  juggling  of  the  results  by  a  system  of  mixing  and  re-grading 
has  increased  the  selling  priee  by  $1,978,060.  This  increase  has  not 
come  from  any  change  or  improvement  in  quality,  but  rather  through 
a  system  of  mixing  and  re-grading. 
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WHEAT  FOR  A  BABREL  OP  FLOUR 


How  much  wheat  will  be  required  of  the  several  varieties  to 
produce  a  barrel  of  flour  as  shown  in  the  milling  trials! 

TABLE  XL     WHEAT  FOR  A  BARREL  OF  FLOUR 


Variety 


Per  Barrel  of  Flour 


Bluestera    ... 

Fife  

Velvet  Chaff 
Durum    


Pound> I BmheU 


284.8 
281.6 
290.0 
284.0 


4.74 
4.69 
4.83 
4.73 


Tests  for  Marquis  wheat  cover  only  the  years  of  1913  and  1914, 
and  for  the  Winter  wheat,  the  same  period  are  compared. 


Pounds 
Bushels 


Winter 

Marquis 

280.5 

284.0 

4.66 

4.73 

It  has  taken  slightly  more  of  Velvet  Chaff  wheat  than  of  any  of 
the  other  varieties  to  produce  a  barrel  of  flour,  and  least  of  the 
Winter  wheat ;  there  is  essentially  no  difference  between  the  Bluestem 
and  Durum  wheats  as  to  the  number  of  bushels  required  to  produce 
a  barrel  of  flour. 

ABSORPTION  OF  WATER 

The  amount  of  water  absorbed  by  flour  in  its  preparation  for 
bread  is  an  important  feature,  in  determining  the  expansive  qualities 
of  the  flour  or  its  gluten  and,  therefore,  of  the  number  of  loaves  of 
bread  per  barrel  of  flour.  The  average  of  eight  years  for  flours  of  all 
grades  from  the  several  varieties  of  wheat,  over  660  samples,  was  as 
follows : 

WATER  ABSORBED 

Percent 

Bluestem   57.27 

Fife    56.52 

Velvet  Chaff 55.26 

Durum   57.26 

Mean  of  all  yarietiee  56.35 

The  average  for  Marquis  wheat  flour  for  1913-1914,  only  two 
years  under  trial,  was  58.03%.  The  range  for  the  several  years  for 
the  different  varieties  is  not  great.  Bluestem  flour  in  1907  averaged 
61.60%;  in  1902  the  average  absorption  was  56.50%.  Velvet  Chaff 
wheat  flour  showed  the  lowest  absorption,  while  there  is  essentially 
no  difference  in  the  averages  for  the  eight  years  between  the  Durum 
and  Bluestem  flours. 
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TABLE  XII.     ABSORPTION  OF  WATER— PERCENT 


Ye»r 

Bluettem 

Fife 

Velvet 
Chaff 

Dttrnm 

Mean 

1JK)7    

61.06 

61.18 

55.75 

69.94 

59.48 

1908    

54.89 

54.85 

55.19 

66.32 

65.31 

1909    

62.14 

52.88 

49.27 

54.10 

52.09 

1910    

52.06 

52.13 

51.30 

50.88 

61.58 

1911    

57.74 

55.85 

54.23 

57.68 

56.37 

1912    -. 

57.20 

57.95 

65.45 

68.62 

57.30 

1913    

59.10 

61.30 

58.87 

60.62 

69.97 

1914    — 

59.41 
57.27 

67.92 

59.33 

68.10 

58.69 

Average 

56.52 

55.26 

67.26 

66.35 

MArqaifl 


1913 
1914 


67.79 
68.26 


Take  Fife  wheat  flour  and  the  average  water  absorption  for  the 
dough  in  bread-making  for  1910  was  only  52.13  per  cent,  while  the 
same  variety  in  1913  had  an  absorption  of  61.30  per  cent;  a  differ- 
ence of  9.17  per  cent. 


Fig.  9.    Diagram  showing  the  average  absorption  for  the  several  years  for  all 

varieties  compared  with  Bluestem  Wheat  flour. 


BEBAD  PBODUCING  QUALITIBS 

One  of  the  important  matters  to  be  considered  in  connection  with 
the  production  of  flour  is  as  to  the  character  and  volume  of  the  bread 
that  can  be  produced  from  the  same.  More  than  650  tests  divided 
among  the  several  varieties  of  wheat  and  for  the  different  grades  of 
each  variety,  did  not  show  any  very  marked  variation  in  loaf  volume 
for  the  different  grades.  As  a  whole  the  Bluestem  averaged  slightly 
higher  in  loaf  volume  than  either  of  the  others.  Velvet  Chaff  was 
equal  to  the  Fife,  while  Durum  fell  considerably  below.  The  color 
and  texture  of  all  were  good.  The  mean  for  all  the  tests  of  each 
variety  furnishes  a  fair  basis  for  comparison. 
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TABLB  XIII.    LOAF  VOLUBfflB  AND  QUALITY 


Variety 


Volume 
c.  c 


Color 
% 


Texture 
% 


Bluestem   

Fife    - 

Velvet    Cbaff 

Durum   

Ifean  for  all 


2418 
2373 
2398 
2071 
2347 


94.66 
96.05 
94.49 
91.00 
93.94 


94.10 
94.20 
92.92 
91.04 
93.18 


It  is  to  be  noticed  that  in  Velvet  Chaff  there  were  no  samples  that 
graded  No.  4  and  only  one  of  the  grade  rejected,  while  in  Dnrum  there 
were  no  samples  throughout  the  eight  years  which  graded  as  rejected. 
In  other  words,  these  Durum  wheats  have  suffered  less  from  blight, 
rust,  smut  and  other  adverse  and  climatic  conditions  than  the  other 
varieties  of  spring  wheat. 

TABLE  XIV.    BAKING  TEST 


Variety  and  Grade 


Volume 
c  c 


Bluestem,  Grade  1  

Bluestem,  Grade  2  

Bluestem,    Grade    3    

Bluestem,  Grade  4  

Bluestem,  Grade  Rejected 


Mean 


Fife,  Grade  1 

Fife,  Grade  2  

Fife,   Grade  3   

Fife,  Grade  4  

Fife,    Grade    Rejected 


2347 
2369 
2456 
2379 
2668 


2419 


Mean 


Velvet  Chaff,  Grade  1   

Velvet  Chaff,  Grade  2  

Velvet  Chaff,  Grade  3  

Velvet  Chaff,  Grade  4  

Velvet  Chaff,  Grade  Rejected 


2385 
2226 
2436 
2630 
2190 


2373 


2309 
2353 
2392 

2540 


Mean 


2398 


Durum,  Grade  1   

Durum,  Grade  2   

Durum,  Grade  3   

Durum,  Grade  4  

Durum,  Grade  Rejected 

Mean    


2071 


Color 


96.87 
96.35 
97.26 
94.66 
87.77 


94.66 


97.61 
94.00 
96.14 
97.50 
90.00 


95.05 


96.11 
97.70 
88.17 

97.00 


94.49 


2031 

90.87 

2033 

91.30 

2047 

89.50 

2174 

92.38 

91.00 


Teztnre 


95.48 
93.10 
95.24 
93.00 
93.72 


94.10 


95.80 
93.60 
94.00 
95.60 
92.00 


94.20 


94.63 
94.00 
91.05 

92.00 


92.92 


91.00 
90.40 
91.75 
91.00 


91.04 
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WHEAT  AND  FLOUR  PRICES 

Prom  the  data  compiled  each  season  during  the  period  of  active 
marketing  of  grain  for  21  successive  days,  according  to  the  market 
as  quoted  in  the  Northwestern  Miller,  the  averages  for  the  price  of 
flom*,  per  100  pounds,  for  the  years  1907  to  1914  inclusive,  would  be 
approximately  as  shown  below  : 

straight  flour  $  2.5391 

Bran  1.0180 

Shorte 1.2429 

Screening 0.5154 

PRICE  OP  WHEAT  PER  BUSHEL 

For  this  period,  covering  the  same  years,  1907  to  1914  inclusive, 
the  average  price  of  wheat,  Bluestem  and  Fife,  for  the  several  grades, 
is  used  in  making  the  necessary  computations. 

Price   per    bushel 

Grade  No.  1  Hard  $  1.06 

Grade  No.  1  1.0167 

Grade  No.  2  0.9847 

Grade  No.  3  0.9663 

Grade  No.  4  0.9092 

Rejected 0.85S1 

MILLING  AVERAGES 

During  the  same  period,  from  1907  to  1914,  the  average  for 
some  660  samples  experimentally  milled,  gives  results  as  shown  by 
the  accompanying  table: 

TABLE  XV.    AVERAGE  MILL  PRODUCTS 


Grade 

No.  1  

No.  2  

No.  3  

No.    4    

Rejected    


Screenings 


Flour 


Bran 


ShortB 


2.13 
8.19 
4.49 
6.14 
6.68 


70.12 
69.20 
69.41 
66.34 
67.16 


10.68 
12.41 
12.59 
18.18 
16.09 


16.75 
15.43 
15.23 
17.04 
15.15 


Let  us  assume  now  that  1,000  bushels  of  each  grade  of  wheat 
have  been  purchased  at  the  prices  named  for  the  several  grades 
and  marketed  as  per  the  figures  given  above;  then,  we  should  have 
for  the  60,000  pounds  of  wheat,  each  grade  being  presented  in  detail 
as  a  separate  problem : 


GRADE  NO.  1  NORTHERN 

Weight               Percent                 Pounds  Cents 

Hour    =       60,000       X       70.12       =       42,072  x  2.54 

Bran     =       60,000       x       10.68       =         6,408  x  1.02 

Sborts    =       60.000       x       16.75       =       10,050  x  1.24 

ScreenlDgs   =       60,000       x         2.13       =         1,278  x  0.51 

Total  


Vslue 

=  $1,068.63 

=  65.36 

=  124.62 

=  6.62 

=       $1,268.13 
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GRADE  NO.  2  NORTHERN 


Flour    

Bran     

Shorts    

Screenings 


Total 


Weight 

Percent 

60,000 

z 

69.20 

f.0,000 

X 

12.41 

60,000 

X 

15.43 

60,000 

X 

3.19 

PoaDdt 

Cents 

Value 

41,520 

X 

2.54 

$1,054.61 

7,446 

X 

1.02 

' 

75.95 

9,204 

X 

1.24 

^^^ 

114.13 

1,914 

X 

0.51 

=: 

9,76 

=        $1,254.45 


Flour    : 

Bran     

Shorts    

Screenings 


Total 


GRADE  NO.  3  NORTHERN 


60,000 
60,000 
60,000 
60,000 


X 
X 
X 
X 


69.41 

12.59 

15.23 

4.49 


41,646 

X 

2.54 

— 

$1,057.81 

7,554 

X 

1.02 

'  " 

77.06 

9,138 

X 

1.24 

' 

113.31 

2,694 

X 

0.51 

z^ 

13.74 

=       $1,261.91 


GRADE  NO.  4  NORTHERN 


Flour    

Bran  .  .. 
Shorts  .... 
Screenings 


60,000 
60,000 
60,000 
60,000 


X 

X 
X 
X 


66.34 

13.18 

17.04 

6.14 


39,804 

X 

2.54 

7.908 

X 

1.02 

10,224 

X 

1.24 

3,684 

X 

0.61 

Total 


=  $1,010,92 

=  80.66 

=  124.78 

=  18.79 

=  $1,235.15 


GRADE  REJECTED 


Flour    

Bran     

Shorts    

Screenings 


60,000 
60,000 
60,000 
60,000 


X 
X 
X 
X 


67.16 

16.09 

15.15 

6.68 


40,296 
9,654 
9.090 
4,008 


X 

X 
X 
X 


2.54 
1.02 
1.24 
0.51 


ToUl 


=  $1,023.52 

=  98.47 

=  112.71 

=  20.44 

=  $1,255.14 


COST  OF  WHEAT 

If  for  the  several  grades  we  first  deduct  the  amount  of  screenings 
from  the  total  weight  and  convert  into  bushels,  we  shall  have  for 
the  several  grades  the  number  of  bushels  of  each  grade  of  wheat 
to  be  milled. 


TABLE  XVI.     BUSHELS  OP  GLEAN  WHEAT  IN  EACH  GRADE 


Grade 

No.    1    

No.   2    

No.   3   

No.  4  

Rejected     .... 


Weight 
60,000 
60,000 
60,000 
60,000 
60,000 


Screenings 
1,278 
1,914 
2.694 
3,684 
4.008 


Clean  Wheat 
58,722 
58,086 
57,806 
56,316 
55.992 


Bushelt 
978.7 
968.1 
965.1 
988.6 
933.2 


Now  we  may  compare  the  cost  for  the  wheat  at  the  average 
prices  for  which  the  grades  are  purchased,  with  the  receipts  and  our 
results  may  be  easily  compared. 
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TABLE  XVII.     COSTS  AND  RECEIPTS  FOR  EACH  GRADE 


Grades  No.  1* 

No.  2" 

No.  3* 

No.4» 

Rejected 

Cost    

Total  receipts  

Gato    ^ 

$1016.70 
1268.13 
$251.43 

$984.70 
1255.12 
$270.42 

$966.30 
1261.91 
$295.61 

$909.20 
1235.15 
$325.95 

$853.10 
1255.14 
$402.04 

In  other  words  then,  in  the  purchase  of  60,000  pounds  of  the 
several  grades  of  wheat  at  a  cost  as  indicated,  the  gains  for  the  ex- 
penditures are  readily  compared. 


TABLE  XVIIL     GAIN  IN  RELATION  TO  COST 


Grades  No.  1* 


No.  2- 


No.  3* 


No.  4* 


Rejected 


Cost 
Gain 


$1016.70 
251.43 


$984.70 
270.42 


$966.30 
295.61 


$909.30 
325.95 


$853.10 
402.04 


It  will  readily  be  observed  that  for  each  expenditure  of  $1016.70 
for  Grade  No.  1,  there  is  a  gain  of  $251.43 ;  or,  the  gain  for  the  tran- 
forming  of  wheat  into  flour  has  been  $251.43;  and  for  the  lowest 
expenditure  of  $853.10,  a  gain  of  $402.04.  In  other  words,  then, 
assuming  that  the  profits  are  reasonably  fair  for  the  best  grade  of 
wheat,  there  is  a  much  larger  profit  for  milling  and  selling  the  rejected 
and  lower  grades  of  wheat.  In  other  words,  again,  as  we  have 
pointed  out  in  a  previous  bulletin  (Volume  3,  No.  14  Food  Depart- 
ment) it  would  acem  that  the  present  system  of  grading  wheat  can 
hardly  be  classed  as  equitable  under  market  conditions  for  mill 
products  as  they  now  prevail. 

Now  that  we  have  considered  the  cost  and  gain  for  1,000  bushels 
of  each  grade  of  the  several  wheats,  let  us  see  what  the  receipts 
are  for  each  1,000  bushels  for  the  several  grades. 


TABLE  XIX.     RECEIPTS  FOR  EACH  GRADE 


No.  4*       !     Rejected 


Receipts    t    $1268.13 


$1255.12  $1261.91 


$1235.15 


$1255.14 


The  average  receipts  for  the  five  grades  above  would  be 
$1255.09.  In  other  words,  the  receipts  for  the  rejected  wheat  were 
srreater  than  the  preneral  average  by  5  cents;  and  Grade  No.  1  was 
frroater  by  only  $13.04,  while  Grade  No.  2  was  3  cents  above  the  general 
average.  The  gain,  therefore,  in  transforming  the  several  grades  of 
wheat  into  commercial  mill  products  and  marketing  the  same  when 
^.\pres.sed  in  per  cent,  wa.s  as  follows: 
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GAINS  IN  PERCENT 

Grade  Percent 

No.    1   24.84" 

No.   2   27.39 

No.  3 '        30.59 

No.  4  35.85 

Rejected  47.13 

In  other  words,  the  percentage  gained  on  the  rejected  wheat 
was  nearly  twice  that  for  Grade  No.  1  Northern. 

Let  us  see  again  what  would  have  been  the  cost,  receipts  and 

gains,  had  a  mill  purchased  1,000  bushels  of  each  of  the  several 
grades  or  a  total  of  5,000  bushels,  and  transformed  the  same  into 

mill  products  at  the  prices  already  indicated  for  the  several  grades. 


TABLE  XX.     COSTS  AND  RECEIPTS  FOR  WHEAT 


~             ~             - 

1.0( 

N)  Bushels  of  Each  Gra 
Receipts 

$1208.13 
1255.12 
1261.91 
1235.15 
1255.14 

de 

G«ln 

Grade 

Cost 

$1010.70 
984.70 
906.30 
909.20 
850.10 

(frade   No.   1    

(Jriide  No.  2  

(Jrade  No.  3  

Grade  No.  4  

Grade  Rejected 

$251.43 
220.42 
295.01 
325.95 
402.04 

Total   

$4730.00 

$0275.45 

$1545.45 

The  total  cost  would  have  been  $4730.00,  while  the  receipts  for 
the  various  mill  products  would  have  amounted  to  $6275.45,  and 
the  gain  for  tran.sforming  these  products  would  have  been  $1545.45. 
This,  therefore,  would  give  us  as  the  average  cost  for  each  1,000 
bushels  of  wheat  in  this  mixture  $946,  an  average  receipt  of  $1255.09, 
and  an  average  gain  of  $309.09,  or  an  average  profit  of  32.67  per 
cent. 

If  we  assume  that  there  was  a  reasonable  profit  in  milling  No.  1 
Northern  wheat,  then  the  profit  is  out  of  proportion  for  No.  4  and 
rejected  grades,  and  therefore,  the  grading  is  not  equitable  for  all 
classes  of  wheat.  On  the  other  hand,  if  we  assume  that  the  profits 
for  milling  the  5,000  bushels  of  mixed  wheat  were  just,  then  we 
must  admit  that  the  system  of  grading  is  not  equitable  and  that 
there  should  be  a  re-adjusting  so  that  producers  of  all  grades 
may  receive  a  fair  compensation.  But  this  assumption  is  hardiy 
probable  for  the  bulk  of  the  wheat  grades,  in  most  years,  No.  1 
and  No.  2  Northern,  and  the  millers  handling  these  grades  are,  ap- 
parently, doing  a  profitable  business. 

It  would  seem,  therefore,  that  we  would  be  justified  in  coft- 
cluding  that  the  present  system  of  grading  wheat  is  not  equitable, 
and  that  the  difference  between  No.  1  and  No.  4  and  Rejected  is 
too  large  a  margin,  and  the  farmer  whose  wheat  grades  low  does  not 
receive  a  fair  compensation  in  proportion  to  its  true  value  for 
milling  purposes. 


ji 
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We  may  present  our  data  in  a  more  concrete  form  by  following 
two  farmers,  each  with  a  load  of  wheat,  and  see  the  final  outcome  for 
each  individual  case. 


SOME  MILLING  DATA 

Let  us  take  two  typical  cases  that  are  cited  in  Special  Bulletin 
No.  14,  Volume  3  Food  Department,  of  wheat  that  graded  No.  1 
Northern  and  another '  sample  grading  Rejected.  Let  us  assume 
that  two  farmers,  John  Smith  and  Ole  Anderson,  came  to  town, 
each  with  a  load  of  wheat,  6,000  pounds.  John  Smith's  wheat 
graded  No.  1  Northern,  dockage  2.51%.  Ole  Anderson's  wheat 
graded  Bejected  with  13.96%  of  screenings.  Now  let  us  see  what 
each  of  these  men  would  have  received  at  the  prices  as  then  prevailing. 

John  Smith  with  2.51%  of  screenings,  would  have  a  dockage 
of  155.6  pounds,  or,  the  total  amount  (6000— 155.6)  =5844.4  pounds  of 
wheat,  the  actual  weight  of  which  was  61.12  pounds  per  bushel ;  or, 
as  sold  at  60  lbs.  per  bushel  (5844.4-*-60)=97.5  bushels.  This 
wheat  was  quoted  at  $1.17  per  bushel,  or  (97.5X$1.17)  =$114.07, 
as  the  amount  received  by  John  Smith  for  his  load  of  wheat. 

Ole  Anderson,  on  the  other  hand,  for  his  6,000  pounds  of 
Rejected  wheat  with  13.96%  dockage,  would  get  (6000X13.96%) 
837.6  pounds  dockage,  or,  (6000-837.6)  =5162.4  pounds  of  wheat. 
This  (5162.4-^60)  would  be  equivalent  to  86.0  bushels  of  wheat, 
and  at  the  price  quoted  for  Rejected  at  the  time  was  $1,048,  or, 
(86.0X$1.084)  would  give  $90,128,  as  the  amount  received  by  Ole 
Anderson  for  his  6,000  pounds  of  wheat  taken  to  the  market. 

Let  us  see  what  would  be  produced  from  the  wheat  for  each 
of  these  parties.  John  Smith's  6,000  pounds  of  wheat,  grading 
No.  1  Northern,  would  produce  as  follows: 

Pounds 

Screenings     155.6 

Floor.  Straight  3985.03 

Wheat  Bran  958.18 

ShortlB    875.36 

Loss  In  milling  ^ 61.86 

The  amount  received  for  these  products  at  the  prices  then 
enrrent  would  have  been: 

Flonr  (8985.08  x  $2.88)    $113,329 

Bran   (968.18  x  $1.00)    9.532 

Shorts  (876.86  x  $1.25)  10.942 

Sereenliigs   (165.6  x  $0.60)    0.933 

Total   receipts $134,736 

The  cost,  as  we  have  already  indicated,  for  this  wheat  was 
$114.07.    ThiB  gives  a  gain  of  18%  above  the  original  cost. 

On  the  other  hand,  Ole  Anderson's  6,000  pounds  of  wheat  would 
produce : 
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Pounds 

Screenings  837.00 

Flour,    Straight    3287.4 

Wheat  Bran  962.27 

Shorts    845.16 

Loss  In  milling 17.55 

The  amount  received  for  the  sale  of  this  would  be: 

Flour   (3287.4  x  $2.88)    $94,677 

Bran  (962.27  x  $1.00)   9.622 

Shorts  (845.16  x  $1.25)  10.564 

Screenings  (837.60  x  $0.60)   6.025 

Total  receipts  $119,888 

The  total  cost  for  this  wheat  was  $90.13.  The  gain  here  would 
have  been  33  per  cent  above  the  cost  of  the  original  wheat.  If  it 
costs  18  per  cent  to  mill  and  market  a  given  amount  of  Grade  Xo. 
1  wheat,  is  33  per  cent  for  milling  and  marketing  a  like  qi'antity 
of  Rejected  grade  out  of  proportion? 

BY-PBODUCTS 

If  North  Dakota  produces  for  the  market  100,000,000  bushels 
of  wheat  in  a  year,  the  amount  of  products,  according  to  the  average 
results  as  shown  in  the  preceding  pages,  for  the  several  by-products, 
— screenings,  bran  and  shorts,  expressed  in  pounds  and  tons,  would 
be  as  indicated  below: 

TABLE  XXI.     BY-PRODUCTS 


Pounds 

Tons 

Screenings  

Bran  

239,400,000 
762,600,000 
909,000,000 

119.700 
381,300 

Shorts    A 

464,660 

This  valuable  feed  for  live-stock,  for  the  dairy,  and  for  hogs, 
should  be  retained  in  the  state,  and  the  fertility  now  being  removed 
from  the  soil  and  shipped  out  of  the  state  should  be  returned 
again  to  the  soil. 

ANALYSIS  OF  BY-PRODUCTS 

A  partial  analysis  of  these  several  by-products, — screenings, 
bran  and  shorts,  shows: 

TABLE  XXII  ANALYSIS  OF  BY-PRODUCTS 


Screeningt 


Bran 


Shorts 


Nitrogen,  Percent 
Ash,  Percent  


1.95 
3.73 


2.49 
5.07 


2.46 
3.59 


ANALYSIS  OF  ASH 


Phosphoric   acid. 

Potash,  K2O   

Lime,  CaO  


P2O, 


28.69 

15.82 

4.02 


59.33 

14.21 

2.51 
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Using  this  data  the  amount  of  fertility  removed  by  a  100,000,000 
bushel  marketable  crop,  in  pounds,  would  amount  to: 

TABLE  xxni.   fbrhlity  removed  in  by-products 


Nitrogen 

Phosphotic 
Acid  P2  05 

Potash' 
K2O 

Lime 

CaO 

Screenings 

Brtn  

Short!    .... 

4,668,300 
18,988,740 
22,361,400 

2.561,580 
22,726,480 
19,361,700 

1,412,460 
4,661,860 
4,635,900 

359,100 
610,080 
818,100 

Total    1           46,018,440 

1 

44,648,760 

10,700,220 

1,787,280 

All  this  fertilizing  material  should  be  retained  in  the  state 
and  returned  to  the  land.  The  state  can  only  become  great  agri- 
culturally and  continue  its  development  by  promoting  such  a 
system  as  will  enable  the  return  of  at  least  a  considerable  share 
of  this  fertility  and  the  marketing  of  products  in  the  form  of  beef, 
pork,  mutton,  butter,  flour  and  the  finished  bread  products.  To  insure 
this  end  means  the  development  of  the  manufacturing  agricultural 
industries  to  the  fullest  possible  utilization  of  all  these  products 
on  the  farm,  in  the  dairy,  in  the  mill  and  in  the  bakeries,  and  these 
industries  should  be  encouraged,  fostered  and  developed  by  the 
state  through  every  reasonable  means  so  as  to  insure  continued 
prosperity  to  all  our  people  and  to  future  generations. 
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SHEEP  FEEDING  TRIALS  AT  WILLISTON  SUBSTATION 
By  W.  H.  Peten  and  Chas.  H.  Ruzlcka 

OBJECT  OP  TEIALS 

Progressive  farmers  in  North  Dakota  have  for  some  ^ears 
recognized  the  growing  necessity  of  raising  some  form  of  live  stock 
to  convert  into  cash  what  might  be  termed  the  by-producta  of  the 
grain  farm.  Some  farmers  have  begun  to  grow  beef  cattle,  some 
are  keeping  dairy  cattle,  some  are  raising  bogs,  and  a  few  have  begun 
to  grow  or  feed  sheep  as  a  means  of  utilizing  these  feeds.  Each  fall 
a  vast  amount  of  feed  goes  to  waste  on  stubble  fields  especially 
through  lack  of  efficiency  in  gathering  the  grain  from  the  shock 
when  threshing.  There  is  always  some  spilled  grain,  weed  seeds 
and  chaS  about  the  straw  piles  which  heretofore  has  been  wasted. 
For  gleaning  stubble  fields,  cleaning  up  around  straw  piles  and 
converting  screenings  and  refuse  grain  into  cash  the  sheep  is  the 
animal  par  excellence.  This  fact  has  been  thoroughly  established 
through  previous  practice,  though  for  various  reasons  the  out- 
come has  not  always  been  profitable. 


Fig.   1.     Qroup  of  alfalfa  and  grain  fed  lambs  jast  before  going  to  market. 

Believing  that  if  intelligently  and  carefully  managed  it  would 
be  profitable  to  stubble  graze  and  fatten  western  range  grown  sheep 
and  lambs  in  North  Dakota  in  the  fall  and  winter  months,  a  series 
of  sheep  feeding  trials  was  begun  at  the  "Winiston  Sub-Station  in  the 
fall  of  1914.  These  trials  will  continue  for  several  years  so  that  an 
average  result  of  one  year  with  another  may  be  secured.  The 
object  of  this  work  is  to  try  out  several  different  methods  of  feeding, 
''Specially  to  determine  with  what  profit  sheep  may  be  fattened  in 
this  state. 

The  Williston  Sub-Station  was  selected  for  this  work  because 
with  the  irrigation  project  located  there  and  Missouri  River  bottom 
lands,  which  in  the  near  future  are  bound  to  produce  an  abundance 
of  com  and  alfalfa  each  year,  some  type  of  live  stock  feeding  must 


be  practiced  in  order  that  these  crops  may  be  marketed  to  the  best 
advantage.  There  is  no  reason,  however,  why  sheep  feeding  should 
not  prove  just  as  profitable  in  any  other  part  of  the  state  as  at  Wiliis- 
ton. 

THE    1914    TRIAL 
PEED   IN   TRANSIT   PRIVILEGE   LOWERS   FREIGHT 

In  the  fait  of  1914  a  carload  of  270  bead  of  range  grown  Hamp- 
shire grade  lambs  were  purchased  at  Oswego,  Montana  and  arrived 
at  Williston  on  October  seventeenth.  They  were  shipped  under  the 
feed  in  transit  privilege  which  allows  shipping  stock  of  any  kind  from 
western  points  to  points  intermediary  between  the  place  of  origin  and 


either  St.  Paul  or  Chicago,  where  they  may  be  fed  for  a  period  of  not 
to  exceed  six  months,  and  may  be  reloaded  and  sent  on  to  market. 
The  total  freight  charge  then  is  the  through  rate  from  point  of  origin 
to  market  plus  a  five  dollar  switching  charge  per  car  at  the  point 
where  the  car  is  unloaded.  This  privilege  is  executed  by  the  full 
local  rate  being  charged  when  the  sheep  are  shipped  in  and  then  the 
difference  between  the  through  rate  from  point  of  origin  to  market 
and  the  two  local  rates  added  together  is  deducted  from  the  local 
rate  from  feeding  point  to  market.  The  five  dollar  switching  charge 
being  added  at  this  time.  The  average  amount  of  freight  saved  b>- 
this  privilege  is  about  ten  cents  per  hundred  ponndB. 


FEEDS    USED    AND   METHOD   OF    FEEDING 

An  abnndant  supply  of  medium  quality  of  alfalfa  hay  on  hand 
at  the  Sub-station  farm  had  determined  that  for  1914  the  feeding 
should  be  largely  on  alfalfa.  The  statement  has  occasionally  been 
seen  in  print  that  animals  of  various  kinda  can  he  suceessfulty 
fattened  on  alfalfa  as  the  sole  feed.  In  order  to  give  this  method  of 
feeding  a  trial,  fifty  average  lambs  were  cut  out  of  the  bunch  and  fed 
in  a  yard  by  themselves  receiving  no  feed  exeept  good  alfalfa  hay, 
all  they  would  eat.  They,  of  course,  had  salt  before  them  at  all  times 
and  were  regularly  watered  twice  a  day.  For  shelter  these  lambs  had 
a  frame  shed  that  was  kept  well  bedded, 


Fig.  3.     OroQp  of  "Flnisliecl"  alfalfa  and  grain  fed  lamba. 

The  remainder  of  the  load  consisting  of  220  head  were  fed  in  one 
group  in  another  yard.  They  received  all  the  alfalfa  hay  they  would 
clean  up  good  and  a  light  grain  ration  composed  of  elevator  screen- 
ings foi*  about  one-third  of  the  time  they  were  on  feed,  and  corn  and 
liarley  the  remaining  two-thirds  of  the  time.  The  original  intention 
was  to  feed,  throughout  the  period  until  the  lambs  were  ready  for 
market,  on  alfalfa  and  screenings.  At  the  end  of  thirty-five  day's 
feeding  the  supply  of  screenings  available  Was  exhausted.  Because 
of  inability  to  secure  more  of  them  at  anything  like  a  reasonable 
price,  and  because  gains  from  them  had  not  been  satisfactory  the 
^rain  feed  was  changed  to  com  and  barley.  The  corn  was  grown 
on  the  Sub-station  farm  and  was  a  little  soft  hut  ripe  enough  to 
keep  well.  It  was  run  through  a  grain  grinder  cob  and  all  before 
feeding.  The  sheep  ate  the  cob  just  as  readily  as  the  corn.  As  long 
as  the  com  lasted  it  was  mixed  with  the  barley  half  and  half  and 
fed  in  that  way.     The  barley  was  fed  whole.     The  corn  was  fed  along 


with  the  barley  for  a  period  of  six  weeks  after  which  barley  alone 
was  fed  as  the  grain  until  the  sheep  were  marketed. 

All  of  the  feeding  was  done  in  racks  that  were  built  so  as  to 
hold  enough  hay  for  a  couple  of  days.  The  grain  was  fed  in  these 
same  racks.  During  the  early  part  of  the  fpeding  period  while 
'screenings  were  being  used  the  grain  was  fed  at  the  rate  of  about  one- 
half  pound  per  lamb  per  day.  This  amount  was  gradually  increased 
until  toward  the  close  of  the  period  when  barley  alone  was  being 
fed,  each  lamb  was  eating  about  one  and  one-half  pounds  of  barley 
per   day. 


STRAW  SHED  FOB  SHELTER 

For  shelter  for  this  group  of  lambs  a  straw  shed  was  built  by 
putting  in  ten-foot  posts  ten  feet  apart  and  nailing  2-in.  Ijy  6-in. 
stringers  across  the  tops  of  these  to  brace  them  and  support  the 
woven  wire  which  in  turn  supported  the  straw  for  the  roof.  An 
opening  8  feet  wide  was  left  in  one'  end  of  the  shed  to  serve  as  a 
door.  Outside  of  this  framework  another  line  of  six  foot  posts  was 
act  and  woven  wire  tacked  on  to  them  to  hold  the  straw  in  place. 
This  outside  row  of  posts  was  three  feet  away  from  the  inside  ten 
foot  posts  thus  making  a  trench  three  feet  wide  to  be  filled  with 
straw  to  form  the  sides  of  the  shed.  Woven  wire  was  likewise 
stretched  lengthwise  of  the  shed  over  the  2-in  by  6-in.  stringers 
to  support  the  straw  for  the  roof.  Straw  was  piled  over  the  roof 
to  a  depth  of  two  feet,  just  enough  to  keep  the  snow  from  sifting 
through.     The  total  cost  of  the  material  in  this  shed  was: 


12-10'  posts  at  £5  cents  each  _ (  3.00 

12-  S'  posts  at  15  cants  each  __ 1.80 

6  pieces  2"xfxW  lumber  _ 3.00 

40  rods  4'  voren  wire  at  30  cents  12,00 

.  Pence    staples    _ 20 

Total  t  20.00 

This  frame  work  will  be  good  for  five  years  and  the  expense 
of  the  shed  is,  therefore,  placed  ou  this  basis  in  pi^oportioning  the 
shelter  cost  giving  the  proportionate  cost  of  the  shed  for  the  year  as: 

DeprecUtioD     .1 _ $  4.00 

Interest  on  MO.OO  for  one  year  at  6%  1.20 

t  0.20 


Fig.  5.     Caicass  views  of  beat  grain   fed   lambs. 

An  interesting  fact  in  connection  with  the  shelter  is  that  the 
lambB  preferred  to  sleep  out  of  doors  about  the  feed  racks  at  alt 
times  except  when  the  wind  was  blowing  hard.  They  did  not  go  into 
the  shed  to  sleep  for  more  than  five  or  sis  nights  during  the  entire 
time  they  were  on  feed,  yet  for  these  few  nights  when  shelter  was 
badly  needed  it  paid  well  to  have  the  shed  for  them. 
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record  was  kept  of  all  cost  and  expense  items.    The  following  table 
gives  the  result  from  the  financial  standpoint. 


COSTS 

Feed  Cost: 

45.7  tons  of  alfalfa  hay  at  $6.00  per   ton  $274.20 

5070     lbs.  elevator  screenings  at  $12.00  per  ton  30.42 

80     bu.  low  grade  feed  barley  at  33i/^c  per  bu 26.80 

144.5  bu.  feed  barley  at  48c  per  bu 69.36 

80     bu.  ear  corn  at  50e  per  bu 40.00 

1500     lbs.  mangles  and  beets   2.00 

1     bbl.    salt    2.00 

Miscellaneous  Expense  Items: 

Proportionate    cost    of    material    in    feed^    racks    and 

water    troughs     10.06 

Proportionate   cost  of  material  in   shed   5.20 

Expenses  trip  'Williston   to   Oswego   to   purchase   lambs..  5.00 

Expenses  of  attendant  accompanying  car  to  market 7.25 

Freight  on  car  of  lambs  Oswego  to  Williston  38.95 

Cost  of  Lambs: 

270  lambs  wt.  19755  lbs.  at  5%c  - 1086.53 


$1597.77 


RECEIPTS 


Beceived  for  262  lambs  sold  on  the  St.  Paul  Market, 
all  freight,  commission,  yardage  and  feed  charges 

deducted    $  1748.47 

1597.77 


Labor    Income     150.70 

The  above  statement  reduces  the  profit  or  return  from  the  enter- 
prise to  the  labor  income  basis.  The  $150.70  does  not  look  like  a 
large  labor  return  but  when  it  is  learned  that  a  careful  record  kept 
by  liours  of  the  amount  of  time  required  to  look  after  the  entire 
enterprise  totaled  35  days  of  ten  hours  each  it  will  be  seen  that  a 
very  fair  wage  of  $4.30  per  day  for  the  time  utilized  was  earned. 
The  total  of  35  days  includes  the  time  required  in  making  the  trip  to 
Oswego  to  purchase  the  lambs,  time  utilized  in  making  the  racks  and 
shed,  time  utilized  in  feeding  the  sheep  and  that  utUized  in  accom- 
panying them  to  market. 

.  LOSS  OP  LAMBS  DUBING  TRIAL 

The  labor  income  or  profit  was  considerably  lowered  in  this  trial 
through  the  loss  of  three  lambs  while  on  feed  and  the  further  loss 
of  five  lambs  through  piling  up  in  the  car  while  enroute  to  market. 
However,  it  is  not  the  purpose  of  the  above  statement  to  make  any 
excuse  for  the  return  secured  from  the  trial  or  for  the  loss  of  the 
several  lambs.  The  loss ,  of  lambs  is  a  feature  which  is  likely  to 
happen  to  any  farmer  and  some  loss  through  injury  or  sickness 
must  always  be  anticipated  in  any  live  stock  project. 


INCREASE  OF  PAEM  INCOME  THEOUGH  THE  FEEDING  TRIAL 

When  considered  from  the  standpoint  of  how  much  the  income 
from  the  farm  was  increased  through  the  feeding  of  the  sheep  and 
thus  making  a  home  market  for  feeds  that  otherwise  would  have 
been  difBcult  to  sell  we  get  the  following  figures: 

Becaived  for   45.7   tons   alfalfa   hay t  S74.20 

Received  for  80  bn,  low  grade  barley  26.80 

Received  for  80  bu.  ear  corn 40.00 

Received  for  1500  lbs.  mangels  and  beets  ^ 2.00 

Lab^r    income    150.70 

Total   »  493.70 


The  $493.70  represents  the  amount  by  which  the  bank  account 
waa  increased  through  the  feeding  of  the  sheep. 


Fig.  7.     Carcass  views  of  best  lambs  fed  alfalfa  liay  only, 
VALUE  OF  MANURE 

In  North  Dakota  it  has  not  yet  been  learned  that  a  money 
value  may  correctly  be  placed  on  manure.  However,  through  the 
feeding  of  this  carload  of  sheep  were  produced  sixty  loads  of  the 
finest  kind  of  manure  which  when  it  comes  to  invoicing  the  farm  and 
equipment  should  be  valued  at  least  at  $1.00  per  load  or  $60.00. 
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This  would  raise  the.  return  from  the  feeding  enterprise  from 
$493.70  to  $553.70. 

ALFALFA  VS.  ALFALFA  AND  GEAIN 

For  the  purpose  of  showing  the  difference  between  alfalfa  and 
grain  as  a  ration  for  fattening  Iambs  and  alfalfa  feeding  alone  the 
following  table  is  presented.  Lot  one  was  fed  alfalfa  and  grain,  and 
lot  two  alfalfa  only. 

Lot  1.        Lot  2. 

Original   weight    per    head    73.16  lbs.    73.15  lbs. 

Original  cost  per  100  lbs $  5.50  $  5.50 

Original  cost  per  bead $  4.02  .         $  4.02 

Sbnnk  per  bead  daring  sbipment  to  tbe  Substation  8.25  lbs.      5.88  lbs. 

Weiffbt  per  bead  at  beginning  of  trial  64.91  lbs.    67.28  lbs. 

Number  of  days  on  feed  ~ 103  103 

Total  amount  of  bay  consumed  per  head  „.  314       lbs.  388.6    lbs. 

Average  amount  of  hay  consumed  per  head  per  day....      3.05  lbs.  ^  3.77  lbs. 

Total  value  of  hay  consumed  per  head  $    .942         $  1.17 

Total  amount  of  grain  consumed  per  head  96.82  lbs 

Average  amount  of  grain  consumed  per  head  per  day         .94  lbs 

Total  value  of  grain  per  head  . <, '. $    .76  

Weight  per  head  at  close  of  period 95.82  lbs.    83.92  lbs. 

Total  gain  per  head  ^ 30.91  lbs.     16.64  lbs. 

Average  gain  per  head  per  day  '.3    lbs.        .1611bs. 

Average  weight  per  head  on  market  87.8    lbs.     77.62  lbs. 

Shrink  per  head  enroute  to  market  8.02  lbs.      6.3    lbs. 

Average  selling  pidce  per  100  lbs.  , $  8.40  $  8.25 

Average  selling  price  per  head  $  7.38  $  6.40 

Feed  cost  per  100  lbs.  gain  $  5.178        $  7.031 

Feed  cost  per  head  for  the  period  $  1.70  $  1.17 

Margin  per  head  over  purchase  price  plus  feed  cost....  $  1.76  $  1.21 

Margin  per  100  lbs.  in  selling  price  over  purchase  price  $  2.90  $  2.75 

EESULTS  OP  1914  TBIAL 

1.  Prom  a  financial  standpoint  the  1914  trial  was  successful 
and   the  profit  a  fair  one. 

2.  The  feeding  of  grain  in  addition  to  alfalfa  hay  practically 
doubled  the  gains  for  the  entire  period. 

3.  The  feeding  of  grain  with  the  alfalfa  increased  the  margin 
between  the  purchase  price  plus  feed  cost  and  the  selling  price  from 
$1.21  for  the  alfalfa  lambs  to  $1.76  for  the  alfalfa  and  grain  lambs 
or  a  difference  of  $.55  per  head  in  favor,  of  the  grain  feeding. 

4.  The  dressing  percentage  on  the  alfalfa  and  grain  fed  lambs 
was  53.1  per  cent  and  on  the  alfalfa  fed  50.3  per  cent. 

5.  The  grain  fed  lambs  topped  the  market  selling  at  the  high 
point   for  the  week. 

6.  Due  to  the  good  form,  mutton  type  and  quality  of  the 
alfalfa  fed  lambs  they  were  discounted  but  15  cents  per  100  pounds 
when   sold  even  though  th^y  were  lacking  in  condition. 

THE  1915  TRIAL 

During  the  fail  of  1915  a  second  trial  was  conducted,  though  the 
feeding'  was  very  ^different  than  in  1914.  Plans  for  the  1915  trial 
were  made  in  the  spring  of  that  year.    It  was  decided  then  to  try 
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fall  feeding  instead  of  winter  feeding  as  in  1914.  The  idea  being 
that  the  sheep  could  be  made  ready  for  market  on  cheaper  feed. 
in  less  time  and  at  a  lower  labor  cost.  Accordingly  a  field  of  6'- 
acres  of  corn  was  planted  to  be  pastured  off  in  the  fall,  and  the 
stubble  fields  on  the  station  farm  were  grazed  until  snow  made 
them  no  longer  serviceable,  following  which  alfalfa  hay  and  barley 
were  fed  for  a  period  of  six  weeks  or  just  long  enough-  to  make  the 
lambs  fat  enough  to  sell  as  choice  bntdier  lambs. 


Fig.   S.     Carcass  views   of  poorest  lambs  fed   alfalfa  haj   011I7. 

This  year  the  lambs  were  purchased  at  Chinook,  Montana  for 
delivery  during  the  latter  half  of  September.  They  arrived  «t 
■Williston  on  September  25th.  The  number  purchased  was  210  head. 
After  being  rested,  fed  and  watered  they  were  weighed  up  on  the 
morning  of  September  26th  and  the  210  head  averaged  60.1  pounds. 
They  were  rather  plain  bred  lambs  and  rather  thin  and  common  in 
appearance.  They  were  all  out  of  range  bred  Merino  ewes  and 
about  half  of  them  were  sired  by  high  grade  Rambonillet  rams 
and  half  of  them  by  high  grade  Hampshire  rams.  They  were  pur- 
chased by  the  head  the  price  being  $3.3714  which  figures  out  to 
$5,615  per  100  pounds. 


Owing  to  the  fact  that  the  threahing  was  not  finished  and  the 
stubbi.e  field  not  available  when  they  arrived  they  were  turned  into 
the  com  pateh  first  and  kept  there  as  long  as  the  corn  field  pro- 
vided feed. 

The  smnmer  season  was  rather  dry  at  Williston  and  the  corn 
had  made  a  very  light  growth  and  had  formed  practically  no  ears. 
Following  the  last  cultivation  rape  had  been  seeded  in  between  the 
rows  of  com  but  the  weather  was  so  dry  that  the  rape  did  not  even 
eome  up  and  no  feed  at  all  was  secured  from  it. 

The  lambs  ate  the  com  very  readily  and  cleaned  the  field  of 
weeds  and  every  bit  of  green  growth  there  was  on  it,  leaving  the 
field  in  the  finest  kind  of  shape  to  be  disked  next  spring  and  seeded 
to  wheat.  The  six  and  one-half  acres  of  corn  provided  feed  for  the 
210  head  for  18  days  only.    They  were  left  in  the  com  field  night  and 


Fig.  9.    Cross  section  of  carcasaea  of  grain  fed  lambs. 

day  and  water  hauled  to  them.  When  the  corn  field  no  longer 
provided  suflBcient  feed  the  iambs  were  given  the  run  of  the  Stubble 
fields.  "While  pasturing  stubble  they  were  corralled  in  the  com 
2eld  at  night  and  were  given  a  light  feed  of  alfalfa  hay  and  a  little 
grain.  They,  of  course,  ate  the  grain  readily  but  ate  very  little 
alfalfa  hay  until  the  snow  came  and  stopped  the'  grazing  and  made 
hay  feeding  altogether  necessary.  This  was  on  November  7th  and 
from  that  time  until  they  were  shipped  to  market  on  December  9th 
they  were  fed  a  good  quality  of  alfalfa  hay,  all  they  would  eat  and 
clean  up  well.  Heavy  grain  feeding  was  begun  on  November  7th 
also.  Barley  was  used  as  the  principle  grain  feed  but  some  refuse 
^ain  and  a  little  soft  com  was  also  fed.  The  grain  was  all  fed  whole 
and  an  effort  was  made  to  coax  them  to  eat  all  they  would.    While 
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Beceived  from  sale  of  209  lambs  all  commission,  freight  and 

yardage  charges  deducted  $1248.92 

$1054.44 


Labor  income  $  194.48 

The  labor  income  of  $194.48  is  considerably  above  that  of  the 
1914  trial.  Furthermore  the  total  amount  of  labor  u1;ilized  in  con- 
ducting the  1915  trial  totaled  250  hours  or  25  ten  hour  days  tne 
labor  return  is  therefore  equivalent  to  $7.78  per  ten  hour  day. 

The  amount  by  which  the  bank  account  was  increased  through 
the  feeding  of  the  lambs  and  thus  making  a  market  for  the  feeds 
used  was  $358.58.  This  is  considerably  lower  than  the  corresponding 
figure  for  1914,  due  to  the  fact  that  a  smaller  number  of  lambs  were 
fed  and  a  higher  percentage  of  the  grain  used  had  to  be  purchased. 

The  amount  of  manure  produced  can  reasonably  be  valued  at 
$40.00  thus  increasing  the  invoice  valuation  of  the  feeding  project 
to  $398.58. 

The  following  table  showing  the  amount  of  feed  consumed  per 
head  for  the  period,  amounts  per  day,  etc.,  will  be  of  interest  to  the 
student  in  sheep  feeding  and  is  therefore  presented. 

Original  Cost  of  210  lambs  $    708.75 

Original  weight  of  210  lambs  12621      lbs. 

Original  weight   per   head   '. 60.1  lbs. 

Original  cost  per  100  lbs r..  $        5.615 

Ori|;inal  cost  .per  head $        3.375 

Weight  per  head  at  beginning  of  trial  60.1  lbs. 

Totid  value   of   hay   consumed   $     107.95 

Number   of   days   on  feed   -. , 75 

Total  amount  of  hay   consumed 21590      lbs. 

Average  amount  of  hay  consumed,  per  head  102.801b8. 

Cost  of  hay  consumed,   per  head   $  .514 

Total  amount  of  grain  consumed  15290     lbs. 

Total  value  of  grain  consumed  $     127.65 

Total  amount  of  grain  consumed,  per  head  72.8  lbs. 

Average  value  of  grain  consumed,  per  head   $  .60 

Coat  of  corn  field  pastured  by  sheep  $      40.20 

Cost  of  corn  field,  per  head  $        0.19 

Total   weight  at  close  of'  period   17096      lbs. 

Weight  per  head  at  close  of  period  81.8  lbs. 

Total  gam  per  head  21.7  lbs. 

Average  gain  per  head  per  day  .291b8. 

Total   seUing   weight 15716     lbs. 

Selling  weight,  per  head  75.2  lbs. 

Shrink   enroute    to   market    6.6  lbs. 

Feed  cost  per  head  for  period $        1.318 

Average  selling  price  per  100  lbs $        8.53 

Average  selling  price  per  head  $        6.415 

Total  margin  per  100  lbs - $         2.915 

Margin  per  head  over  purchase  price  plus  feed  cost  $        1.722 

COMPARISON  OP  GAINS  MADE  BY  SMALL  VERSUS  LARGE  LAMBS. 

In  the  fall  of  the  year  when  buying?  lambs  to  feed,  it  is  often  a 
difficnlt  problem  for  the  feeder  to  decide  whether  he  had  best  feed 
yearling  wethers,  old  ewes  or  large  or  small  lambs  and  whether  or 
not  it  will  pay  to  feed  a  medium  quality  of  sheep  or  to  buy  the  best 
that  can  be  found. 


To  decide  this  point  a  vety  thorough  kcowledge  of  the  condi- 
tion of  the  sheep  market  and  ability  upon  the  part  of  the  buyer  to 
judge  the  market  value  of  various  types  of  sheep  is  required.  To 
get  a  little  information  on  this  problem  when  the  lambs  were  put  on 
feed  in  1915,  fifteen  of  the  smallest  ones  and  fifteen  of  the  largest  ones 
were  weighed- individually  and  marked,  then  at  the  close  of  the  trial 
the  same  lambs  were  weighed  again  with  the  following  result: 


Fig.  11.    Group  of  lambs  used  in  the  1915  tri&l. 

Average  weight  of  15  small  lambs  at  beginniDS  of  tl)e  trial  48.8  lbs. 

Average  weight  of  15  sihrII  lambs  at  clote  of  the  trial  ....  68.9  lbs. 

Average  gain  per  head  _ - 20.1  Iba. 

Percentage    gain    _ 41.1S% 

Average  weight  of  15  large  lambs  at  beginning  of  trial  ....  75.1  lbs. 

Average  weight  of  15  large  lambs  at  close  of  the  trial  98.4  Iba. 

Average   gain   per   head    23,3  lbs. 

Percentage    gain    31.029e 

The  large  lambs  made  the  greater  actual  gain  by  3.2  pounds  per 
head  but  when  placed  on  the  basis  of  percentage  of  increase  in 
weight  the  small  ones  made  the  greatest  percentage  increase  by 
10.17  per  cent. 

However,  when  placed  on  the  market  the  15  large  lambs  sold  at 
$8.65  per  100  pounds  and  the  15  small  ones  at  $8.00.  This  fact 
would  indicate  that  the  small  lambs  if  one  were  buying  a  carload  of 
them  would  have  to  be  bought  at  a  lower  price  per  pound  than  the 
large  ones  if  as  much  profit  were  to  be  made  in  feeding  them.  In 
this  trial  it  would  have  been  necessary  to  purchase  them  at  least 
60  to  75  cents  per  100  pounds  cheaper. 

RESULTS  OF  1915  TRIAI, 

1.  From  a  financial  standpoint  the  1915  trial  was  anccessfol  and 
the  labor  income  quite  satisfactory. 

2.  Grazing  on  com  and  stubble  proved  successful  and  aided 
considerably  in  keeping  down  the  cost  of  gain  for  the  entire  feeding 
period. 


3.  Thirty-five  days  of  hay  and  grain  feeding  at  the  close  of  the 
stubble  season  was  sufficient  to  put  the  Iambs  on  the  market  aa 
choice  butcher  lambs  in  good  killing  condition. 

CONCLUSIONS 

It  is  the  intention  to  continue  aheep  feeding  trials  similar  to 
those  already  conducted  for  several  years  more  in  order  to  secnre 
more  conclusive  data  on  the  possible  profits  tiom  such  feeding 
enterprises.  Observation  on  the  stubble  grazing  done  by  fanners 
through  the  state  dtiriug  the  past  several  years  together  with  the 
resnlts  of  the  above  two  trials,  however,  bring  out  some  facts  that 
may  be  relied  upon  in  feeding  range  sheep. 

1,  The  margin  between  coat  price  and  selling  price  per  100 
pounds  is  the  chief  factor  in  determining  the  amount  of  profit  that 
will  be  made.  In  other  words  before  buying  sheep  to  feed  the 
market  must  be  studied  and  the  sheep  must  be  carefully  bought.  A 
margin  of  1%  cents  per  pound  in  selling  price  over  purchase  price 
is  ordinarily  necessary  to  insure  a  profit. 


2.  It  is  not  advisable  to  depend  on  stubble  grazing  alone  to 
fatten  sheep  nnless  there  is  a  considerable  amount  of  waste  grain 
and  considerable  green  growth  on  the  fields.  Also  to  make  fattening 
on  stubble  alone  a  safe  proposition  the  sheep  must  be  secured  by  the 
middle  of  September  otherwise  an  early  snow  may  cut  short  the 
feeding  period  to  such  an  extent  that  the  sheep  will  have  to  be 
offered  on  the  market  again  as  feeders  and  a  low  price  per  pound 
accepted  for  them. 

3.  Stubble  grazing  can  be  made  highly  profitable  if  some  suit- 
able additional  feed  is  provided  so  that  regardless  of  weather  condi- 
tions the  sheep  may  be  pat  in  good  killing  condition  before  selling. 
These  additional  feeds  can  best  be  provided  by  growing  some  alfalfa 
and  com  on  the  farm  to  be  used  for  that  purpose. 
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4.  It  is  not  advisable  to  depend  on  alfalfa  hay  alone  to  fatten 
sheep. 

5.  The  chances  for  profit  are  naturally  greatest  with  a  group  of 
good  sized,  healthy,  growthy  appearing  lambs  provided  they  do 
not  cost  too  much  in  the  beginning.  Sometimes  a  group  of  second 
rate  sheep  will  make  a  greater  profit  because  of  a  considerably  lower 
cost  price. 

6.  During  the  past  several  years  the  tidy  western  range  grown 
lamb  of  fair  mutton  type  and  good  quality  has  outsold  the  heavier 
mature  mutton  lambs.  The  packers  give  as  the  reason  for  this  the 
superior  quality  of  meat  and  higher  dressing  percentage  of  the  range 
lamb.    , 


7.  A  fifty-six  to  sixty-four  pound  lamb  is  a  good  weight  to 
begin  with  for  a  sixty  to  one  hundred  day  feeding  period,  as  a  lamb 
weighing  from  seventy-five  to  ninety  pounds  in  good  killing  condi- 
tion when  marketed  is  most  certain  to  find  a  welcome  reception  and 
top  price  on  the  market. 

8.  If  screenings  are  used  as  the  grain  ration  they  should  be 
carefully  examined  before  buying  and  the  price  based  on  the  quality 
of  the  screenings.  Screenings  that  contain  a  high  percentage  of  wild 
oats  or  wheat  are  highest  in  feeding  value  while  screenings  composed 
principally  of  small  weed  seeds  have  little  feeding  value, 

9.  All  that  is  necessary  as  a  shelter  for  feeding  sheep  during 
the  fall  months  is  protection  from  the  wind  and  a  dry  place  to 
sleep.  For  winter  the  feeding  may  be  done  out  of  doors  and  a  straw 
shed  constructed   very  satisfactorily  and  cheaply  for  shelter. 

10.  Sheep  will  eat  whole  barley  satisfactorily  and  do  well  on  it. 
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THE  INFLUENCES  OF  ENERGY   MATERIAL  UPON   THE  RELATION  OF 
SOIL  MICROORGANISMS  TO  SOLUBLE  PLANT  FOOD 

By  C.  J.  T.  Doryland 

Experiments  with  synthetic  solutions  containing  ammonia  as  the 
only  source  of  nitrogen  have  shown  that  a  number  of  the  most 
common  soil  organisms  (bacteria,  actinomycetes  and  molds)  could 
assimilate  ammonia  nitrogen.  To  a  less  extent  the  same  thing  is  true 
with  nitrate  nitrogen.  The  assimilation  of  either  the  ammonia  or  nitrate 
nitrogen  takes  place  only  when  suitable  energy  material  is  present. 
The  energy  materials  thus  far  used  have  been  nitrogen  free  organic 
compounds,  such  as  sodium  or  potassium  salts  of  organic  acids  or 
soluble   carbohydrates. 

Among  the  ammonia  consuming  bacteria  may  be  found  some  of 
the  most  vigorous  ammonifiers.  The  knowledge  that  some  bacteria, 
yeast  and  molds  may  consume  ammonia  or  nitrate  nitrogen  is  not 
new,  but  the  significance  of  ammonia  consuming  ammonifiers  seems 
to  have  been  overlooked.  Hitherto,  the  consumption  of  ammonia  or 
nitrate  nitrogen  by  soil  microorganisms  has  been  regarded  as  due 
to  certain  '* detrimental"  bacteria,  yeast,  molds,  etc.,  which  were 
favored  by  certain  vaguely  defined  *'soil  conditions'*.  When  how- 
ever, one  considers  the  possibility  of  ammonia  or  nitrate  assimilation 
as  a  normal  function  of  certain  '* beneficial''  bacteria,  yeast  and 
molds,  it  is  o*bvious  that  the  conditions  under  which  ammonifying 
organisms  liberate  ammonia  and  the  conditions  under  which  they 
assimilate  ammonia  vitally  affects  the  available  nitrogenous  plant 
food  constituents  of  the  soil.  It  would  appear  as  though  the  presence 
of  suitable  energy  material  might  cause  the  ammonifying  organisms 
to  consume  ammonia  instead  of  providing  it  for  the  nitrifying  organ- 
isms or  for  direct  plant*  growth.  To  this  extent  ammonifying  bac- 
teria in  the  presence  of  excess  available  energy  material  lose  their 
ammonifying  efficiency  and  become  competitors  for  the  available 
nitrogen  of  the  soil.  Likewise,  the  presence  of  excess  available  energy 
material  may  cause  these  beneficial  organisms  to  assimilate  some  of 
the  other  available  plant  food  constituents.  The  great  mass  of  organic 
matter  added  to  the  soil  annually  contains  a  low  percent  of  nitrogen 
and  a  high  percent  of  energy  yielding  material.  What  effect  has 
this  excess  energy  material  upon  the  physiological  activities  of  the 
soil  organisms? 

STATEMENT  OF  THE  PROBLEM 

Six  common  ammonifiers  have  been  tested  for  their  ability  to 
consume  ammonia  in  the  presence  of  dextrose  as  a  source  of  energy. 
The  organisms  used  were :  B.  mycoides,  B.  subtilis,  B.  megatherium,  B. 
proteus,  B.  vulgatus  and  Sarcina  lutea.  These  cultures  were  obtained 
from  the  American  Museum  of  Natural  History  through  the  courtesy 


•Throughout   thi.s  article,  plants  refers   to   the  higher  plnnts;   micro   organ- 
i»nis  are   so  designated  or  referred  to  as  bacteria,  yea.st,  molds,  etc. 
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of  Dr.  C.  B.  A.  Winslow  and  were  numbered  respectively  as  follows: 
249,  106,  257,  142,  528,  and  208. 

Through  a  series  of  experiments  the  following  features  have 
been  investigated: 

The  ability  of  these  organisms  to  grow  and  produce  ammonia 
from  casein  both  in  the  presence  and  absence  of  dextrose; 

The  effect  of  increasing  quantities  of  dextrose  upon  the  number 
of  bacteria  and  the  ammonia  production  in  a  casein  solution; 

The  competitive  action  between  the  ammonifying  bacteria  and 
maize  seedlings  when  grown  in  the  presence  of  dextrose ; 

And  the  effect  of  dextrose  upon  the  growth  of  oats  in  a  series 
of  pots  containing  quartz  sand  to  which  had  been  added  increasing 
quantities  of  ammonium  sulphate,  potassium  nitrate,  casein  or  manure. 

These  experiments  have  been  supplemented  by  tests  of  the 
ammonia  and  nitrate  consuming  power  of  certain  soils;  and 

The  effect  of  dextrose  and  straw  upon  the  ammonia  and  nitrate 
consuming  power  of  soils. 

PREVIOUS  WORK 

Numerous  investigators  have  noted  the  fact  that  bacteria,  yeast 
and  molds  may  assimilate  ammonia  or  nitrate  nitrogen.  Others  have 
noted  the  fact  that  the  addition  of  a  soluble  carbohydrate  or  salts  of 
organic  acids  disturbs  the.  metabolism  of  soil  nitrogen.  Still  others 
have  observed  the  assimilation  of  available  phosphates. 


THE   ASSIMILATION    OF   AMMONIA   AND   OF   NITRATB    NITROGBN 

Lohnis  (1)*  gives  an  excellent  summary  of  the  French  and 
German  literature  from  the  first  observations  by  Dujardin  (1841)  to 
the  contributions  by  Bierema  (1909). 

In  addition  to  the  references  noted  by  Lohnis,  the  following  have 
been  secured  mostly  from  the  Experiment  Station  Record  and  the 
Centralblatt  fiir  Bakteriologie  Zweite  Abteilung. 

Lemmerman,  Fischer  and  Husek  (2)  tested  the  effect  of  CaCO,,, 
BaCOs,  MgCOg  and  Fe2(0H)e  upon  the  transformation  of  (NH4)2S04 
and  NaNO.,  to  bacterial  protein.  BaCOg  increased  the  transformation 
in  the  case  of  (NH4)2S04,  but  decreased  it  with  NaNOg.  CaCO; 
slightly  increased  the  transformation  in  the  case  of  (NE[4)2S04  and 
in  a  less  degree  with  NaNOg.  The  influence  of  MgCOg  was  doubtful. 
Fe2(0H)fl  reduced  the  transformations  in  every  instance.  Ammonia 
was  transformed  to  a  greater  extent  than  nitrate.  The  authors, 
therefore,  conclude  that  the  lower  efficiency  of  ammonium  sulphate 
as  a  fertilizer  may  be  due  to  the  greater  use  of  the  ammonia  by 
microorganisms. 

Lutz  (3),  sudying  the  comparative  assimilability  by  plants,  of 
ammoniacal  salts,  amins,  amids,  nitrates,  states  that  in  general  nitro- 
genous compounds  are  assimilable  in  porportion  to  the  complexity  of 

*  See   bibliography. 
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their  molecules.  Aspergillus  and  PennicUium  were  used  as  test 
plants. 

In  an  article  entitled:  *' Ammonia  and  Nitrate  as  a  Nitrogen 
Source  for  Molds'*,  Ritter  (4)  shows  that  ammonia  and  nitrate  nitro- 
gen may  be  used  as  a  source  of  nitrogen  by  Mucor,  Rhizopus,  Asper- 
gillus, Cladosporium,  Botrytis  and  Thamnidium. 

The  action  of  certain  microorganisms  of  the  soil  on  ammonium 
sulphate  and  sodium  nitrate,  as  studied  by  A.  Stutzer  and  W.  Rothe 
(5)  show  that  there  is  a  definite  conversion  of  ammonia  tod  nitrate 
nitrogen  to  albumid  nitrogen  by  various  soil  organisms,  both  in  the 
presence  and  absence  of  CaCOg.  Ammonia  was  more  rapidly  trans- 
formed than  nitrate,  except  in  case  of  P.  glaucum.  Calcium  did  not 
increase  the  rate  of  conversion. 

Stoklasa's  (6)  investigation  continued  from  previous  work*  in 
which  the  author  attempts  to  show;  (1)  The  source  of  carbon  most 
favorable  to  the  denitrifying  organisms  in  the  medium;  (2)  The 
nature  of  the  chemical  changes  which  take  place;  and  (3)  The  im- 
portance of  denitrification  in  relation  to  soil  processes.  He  concludes 
there  are  present  in  soils  and  manures  two  principal  groups  of  bac- 
teria which  cause  denitrification.  The  first  group  consists  of  B. 
hartlebii,  B.  flourescens,  liq.  B.  pyocyaneum,  B.  stutzeri,  B.  centro- 
punktatum,  B.  filefaciens,  B.  denitrificans,  B.  nitrovorum,  etc.  These 
organisms  reduce  NO3  to  N.  The  second  group  consists  of  B. 
megatherium,  B.  mycoides,  B.  subtilis,  B.  messentericus  vulgatus, 
B.  ramosus,  B.  typhi  abdominalis,  B.  coli  communis,  B.  proteus  vul- 
gatus, B.  Zenkeri,  B.  radicicola,  Clostridium  gelatinosium  etc.  These 
organisms,  as  a  rule,  simply  reduce  NO3  to  NII.^  without  the  formation 
of  elementary  N.  They  also  appear  to  have  the  power  to  assimilate 
the  NH3  formed.  A  still  later  contribution  (7)  on  this  subject 
confirms  the  above,  and  states  that  B.  hartlebii  consumed  33.6  ^  of 
the  nitrate  nitrogen  in  solutions  containing  aribinose. 

Reducion  of  nitrates  in  th«  presence  of  barnyard  manure  was 
the  subject  of  investigations  by  J.  P.  Street  (8)  at  the  New  Jersey 
Station.  In  one  series  he  ran  sodium  nitrate  alone  at  the  rate  of 
83  pounds  per  ton  of  manure,  and  nitrate,  acid  phosphate,  kainit, 
gypsum,  iron  sulphate  and  K2SO4,  each  at  the  rate  of  26  pounds  per 
ton  of  manure,  glucose,  wheat  straw  or  pine  shavings  at  the  rate 
of  133  pounds  per  ton  of  manure. 

In  a  second  series  (NH4)2S0.|  was  substituted  for  the  NaNO., 
At  the  end  of  33  days  the  nitrate  had  entirely  disappeared  from  the 
manure  where  glucose,  wheat  straw  or  shavings  had  been  added.  There 
was  a  marked  increase  in  the  insoluble  organic  matter, — glucose  giving 
an  increase  twice  as  great  as  straw  or  manure  alone. 

The  loss  of  (NHJ2SO4  varied  from  13.1^^  to  33.8 9; .  The  gain 
in  insoluble  nitrogen  was  34%  where  manure  was  used  alone  and 
102.7%  where  manure  was  used  with    (NHJoSO^  and  gypsum. 

Experiments  on  ammonia  and  nitrate  formation  in  soils  were 
conducted  by  J.  Q.  Lipman  and  P.  E.  Brown  (9)  at  the  New  Jersey 
Station.     They  studied  the  effect  of  soluble  and  insoluble  carhohy- 

•Experiment  Station  Record  12,  p.  27  and  p.  014. 
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drates,  su(^li  as  dextrose,  starch  and  filter  paper,  on  ammonification 
and  nitrification  of  nitrogenous  materials  in  soils.  Aramonin  formation 
was  depressed  most  by  dextrose  and  showed  a  slight  depression  for 
starch  and  cellulose.  Ammonia  formation  by  B.  myjcoides  was  lessened- 
in  the  presence  of  dextrose. 

L.  C.  Coleman  (10)  investigating  the  influence  of  dextrose, 
sucrose,  lactose,  glycerin,  peptone  and  urea,  found  the  addition  of 
small  percents  (.5%)  of  the  non-nitrogenous  substances  in  unsteri- 
lized  soil  seemed  to  favor  uHrification.  With  almost  pure  cultures 
in  sterile  soils  .02  to  .05%  of  dextrose  increased  nitrification.  These 
results  are  substantiated  by  the  work  of  Karpinski  and  Niklewski, 
(11)  who  show  that  small  amounts  of  organic  matter  such  as  furnish- 
ed by  soil  extracts,  humates,  acetates  and  even  peptone  and  sugars 
favor  nitrification  in  mixed  cultures. 

Frankfurt  and  Duschechkin  (12)  studied  the  course  of  nitrifica- 
ion  under  the  condition  of  field  experiments  using  dung  and  green 
manures.  They  measured  nitrification  by  the  nitrate  and  ammonia  in 
the  soiL  Increased  nitrification  was  observed  only  in  those  fields 
which  gave  increased  yields.  Large  quantities  of  strawy  manure  did 
not  decrease  the  content  of  nitrate  nitrogen.  Green  manures  both 
legume  and  non-legume,  lowered  both  NOjj  and  NHg.  They  attributed 
this  to  a  change  of  moisture. 

Hutchinson  and  Marr  (13)  applied  star^'h  at  the  rate  of  one  ton 
per-  acre.  The  yield  of  barley  was  decreased  25.7%  on  land  that  had 
not  received  manure  or  fertilizer  since  1852,  while  on  the  land  that 
had  received  a  complete  mineral  fertilizer  yearly  since  1852,  the 
decrease  in'  yield  of  barley  was  9.2%. 

The  addition  of  cane  sugar  at  the  same  rate  gave,  in  the  first 
instance,  a  decrease  of  39.3%  and  in  the  second  b,  decrease  of  22.9% . 
Examination  showed  a  greatly  increased  number  of  bacteria  and 
molds,  and  an  increased  evolution  of  COg. 

Vogel  (14)  experimenting  with  the  assimilation  of  ammonia  and 
nitrate  nitrogen  by  microorganisms  grown  in  solutions,  points  out  the 
fact  that  an  appreciable  formation  of  albuminoid  matter  from  NH3 
and  NO3  takes  place.  He  believes,  however,  that  no  such  transfor- 
mations take  place  in  natural  soils.  Where  CaCOa  was  added  to  soils 
containing  ammonium  salts,  there  was  considerably  greater  loss  of 
nitrogen  than  could  be  accounted  for  by  volatilization  and  suggests 
that  the  loss  is  due  to  denitrification. 

A.  Fousek  (15),  studying  the  streptothrix  of  the  soil  and  the 
assimilation  of  nitrates,  ammonia  and  amid  nitrogen,  points  out  that 
streptothrix  chromogena  and  streptothrix  alba  are  present  in  soils. 
According  to  this  author,  these  organisms  constituted  20  to  309^  of 
the  flora  in  loam  soils,  from  8  to  15%  in  clay  soils  and  from.  7  to  10% 
in  sand.  These  organisms  readily  assimilate  ammonia  and  nitrate 
nitrogen  and  decompose  peptons,  dried  blood,  bone  meal  and  straw, 
splitting  off  large  quantities  of  ammonia. 

Lipman  and  associates  (16)  report  the  effect  of  dextrose,  sucrose, 
lactose,  maltose  and  mannit  on  ammonia  recovered  from  dried  blood. 
These  authors  suggest  that  the  depression  is  due  either  to  a  depression 
of  ammonification  or  to  producing  conditions  favorable  for  organisms 
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which  utilize  ammonia.  •  Ammonia  recovered  from  rice  flour  and  corn 
meal  was  about  the  same  with  dextrose  as  without  it.  With  wheat 
floury  linseed  meal,  cowpea  meal,  soybean  meal  and  cotton  seed  meal, 
the  amount  of  ammonia  was  invariably  less  when  dextrose  was  used. 

The  same  authors  report  results  of  pot  experiments  with  barley. 
In  conjunction  with  other  experiments,  they  tested  th^  effect  of  dex- 
trose and  sucrose  upon  the  ability  of  barley  to  recover  the  nitrogen  of 
ammonia,  nitrates  and  dried  blood.  The  carbohydrate  decreased  the 
amount  of  nitrogen  recovered  by  barley  plants  from  all  sources  tested. 
In  most  cases,  sucrose  caused  a  greater  depression  than  dextrose. 
With  dried  blood,  tankage  and  with  mixed  fertilizers  containing 
nitrogenous  organic  materials,  it  was  shown  that  the  percentage  of 
organic  nitrogen  recovered  by  the  barley  was  usually  greater  from 
sampleiT  having  the  highest  percentages  of  organic  nitrogen. 

In  a  still  earlier  communication  these  authors,  working  on  the 
availability  of  nitrogenous  materials,  as  measured  by  anmiQnification. 
found  that  the  addition  of  NaNOg  stimulated  the  ammonification  of 
inert  materials  like  peat.  On  the  other  hand,  dried  blood  did  not 
stimulate  ammonification  in  peat.  On  the  contrary,  it  lost  some  of 
its  own  ammonifiability.  Phosphates  seemed  to  favor  amiaouifieation. 
Addition  of  manure  infusions  reduced  the  ammonification  of  dried 
blood. 

McLean  and  Wilson  (17),  working  with  ammonifying  frngi  and 
using  dried  blood  as  ammonifiable  material,  find  that  the  addition  of 
acid  phosphates  caused  an  increase  in  the  ammonifying  power  of  18 
out  of  26  pure  cultures  of  soil  fungi.  When  cotton  seed  meal  was 
substituted  for  dried  blood,  only  eight  out  of  twenty  i\ye  cultrres 
showed  increased  ammonification  in  the  presence  of  acid  phosphate. 

Hoflfman  (18)  working  on  nitrogen  fixation  in  soils,  due  to  the 
application  of  carbohydrates,  notes  that  the  application  of  kainit  and 
floats  applied  together  with  either  sugar  or  starch  caused  a  decrease 
in  the  amount  of  nitrogen  fixed. 

In  a  recent  work  of  Fred  and  Hart  (19)  on  the  comparative 
effects  of  phosphates  and  sulphates  on  soil  bacteria,  they  state  that 
the  addition  of  soluble  phosphates  causes  an  increase  in  the  ammonifi- 
cation of  a  peptone  solution  by  soil  suspensions  or  pure  cultures. 
There  was  likewise  an  immensely  greater  number  of  bacteria  found 
where  phosphates  were  added  to  the  peptone  solution.  The  greatest 
increase  was  caused  by  dibasic  potassium  phosphate.  Ammonification 
increased  with  the  increase  in  the  numbers  of  bacteria.  Likewise,  the 
addition  of  soluble  phosphates  caused  an  increase  in  the  liberation 
of  COj. 

Addition  of  calcium  sulphate  and  potassuim  sulphate  caused 
an  increased  ammonification  and  carbon  dioxide  evolution,  but  to  a 
less  extent  than  the  addition  of  acid  phosphate.  Calcium  sulphate  in- 
creased the  number  of  bacteria.  This  agrees  with  the  work  of  Lipman 
(20). 

Koch  (21)  found  that  a  soil  kept  for  nine  months  under  proper 
conditions  of  temperature  and  moisture  showed  an  increase  of  3.^18 
mgm.  of  nitrate  nitrogen.  During  the  next  eleven  months,  however. 
there  was  an  increase  of  only  1.39  mgm.  of  nitrates. 
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Fred  (22)  studying  nitrification  in  certain  types  of  Virginia  soils 
found  that  when  these  soils  were  kept  under  protected  conditions 
there  was  a  greater  accumulation  of  nitrate  nitrogen  than  that  re- 
corded by  Koch. 

Brown  (23),  in  his  study  of  the  effect  of  crop  rotation,  found 
that  green  manures  did  not  always  increase  the  number  of  bacteria 
in  the  soil.  He  suggests  that  probably  the  moisture  factor  or  the 
incorporation  of  a  large  amount  of  organic  matter  might  furnish  an 
explanation  for  this  fact.  In  every  instance,  continuous  cropping 
to  clover  reduced  the  number  of  organisms.  The  reduction  in  num- 
bers appearing  very  prominently  even  when  no  difference  in  moisture 
content  was  recorded. 

Patterson  and  Scott  (24)  investigated  the  effect  of  various  soil 
constituents  upon  nitrification  and  found  that  starch  and  sugar  re- 
tarded nitrification. 

Bredeman  (25)  found  that  the  addition  of  organic  matter,  such 
as  hay  and  sugar,  produced  a  harmful  effect  upon  the  first  year's 
crop  but  a  beneficial  effect  upon  the  second  year's  crop. 

Ehrenberg  (26)  states  that  straw  retards  a  too  rapid  nitrification. 

Enberding  (27)  found  that  straw  or  sugar  cause  an  increase  in 
the  number  of  soil  bacteria.  Later  the  number  of  bacteria  decreased 
to  somewhat  near  normal.  The  ammonifying  and  nitrogen  fixing 
groups  of  bacteria  increased  while  the  nitrifying  group  was  retarded 
by  this  treatment. 

Hill  (28)  investigated  the  effect  of  green  manures  on  soil  nitrates 
under  greenhouse  conditions  and  found  that  the  total  number  of 
bacteria,  rate  of  nitrate  formation  and  rate  of  plant  growth  was 
much  greater  than  in  those  soils  receiving  no  green  manure.  On  the 
other  hand,  pure  cellulose  in  the  form  of  Sweedish  filter  paper  caused 
a  depression  in  the  number  of  bacteria,  in  the  rate  of  nitrate  forma- 
tion and  plant  growth.  Paper  was  the  cause  of  the  yellow  appearance 
of  the  plants  which  were  grown  in  the  pots  receiving  the  addition  of 
paper. 

Gerlach  and  Vogel  (41)  isolated  several  pure  cultures  of  bacteria 
from  soil  and  manure  these  were  able  to  transform  nitrate  nitrogen 
into  albumen.  They,  therefore,  demonstrated  the  ability  of  these 
bacteria  to  assimilate  nitrate  nitrogen. 

According  to  Qottheil  (29)  the  spore  forming  bacteria,  B.  sub- 
tilis,  petasites,  asterosporus,  ruminatus,  tumescens  and  graveolens, 
readily  assimilated  the  ammonia  of  ammonium  tartrate  while  B. 
ellenbachensis,  mycoides,  pumilus,  simplex,  cohaerens,  carotarum  and 
fusiformis  are  not  able  to  assimilate  to  any  extent  the  ammonia  of 
ammonium  tartrate. 

Bierema  (30)  in  an  article  entitled:  **The  assimilatio  of  am- 
monia, nitrate  and  amid  nitrogen  by  microorganisms",  claims  that  the 
utilization  of  most  nitrogen  compounds  occurs  both  in  pure  and 
mixed  cultures  when  the  appropriate  carbohydrate  is  present  as  a 
source  of  energy. 

Von  Suchtelen  (31),  gives  the  results  of  experiments  in  which 
he  attempts  to  measure  the  intensity  of  the  activity  of  soil  micro- 
organisms by  the  rate  of  liberation  of  COg.    There,was  tested  by  this 
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method  the  effects  of  pulverization,  aeration,  water  content,  frost 
and  the  addition  of  dextrose,  mannit,  straw  and  minerals  and  partial 
sterilization  by  CSj  upon  the  bacterial  activities  and  evolution  of  COj. 
The  limount  of  CO2  liberated  was  checked  by  plate  counts  and  in  many 
instances  approximately  equivalent  results  were  obtained.  He  claims 
that  by  the  COj  method  he  can  determine  accurately  the  important 
factors  which  influence  bacterial  life  of  the  soil,  especially  under  field 
conditions. 

Brown  (42)  investigated  sulfofication  in  soils  and  states  that 
the  addition  of  carbohydrates  to  the  soil  depresses  sulfofication,  the 
greater  the  amount  of  carbohydrate  added  the  greater  the  depression 
of  sulfofication.  The  depression  varies  in  the  inverse  ratio  to  the 
solubility  of  the  carbohydrate. 

ASSIMILATION    OF    PIIOSPFIATES. 

McDowell  (32)  mixed  6  pounds  of  raw  Tenessee  rock  in  a  barrel 
with  228  pounds  of  mixed  manure  and  buried. the  barrel  and  contents 
in  a  manure  heap  from  July  1907  to  August  1908.  No  increase  in 
either  water  or  citrate  soluble  phosphates  occurred. 

The  biological  absorption  of  phosphoric  acid  in  soils  was  studied 
bj'^  Dushechkin  (33).  He  concludes,  that  aside  from  the  Physico- 
chemical  absorption  of  phosphoric  acid,  there  is  a  biological  absorp- 
tion. The  latter  increased  with  increased  additions  of  starch  and 
length  of  time.  The  larger  the  addition  of  phosphoric  acid,  the  more 
there  was  absorbed.  The  addition  of  NaNO,^  increased  the  con- 
sumption of  phosphoric  acid.  Both  soluble  and  insoluble  phosphates 
were  absorbed. 

Fleischer  (34),  working  with  fermenting  mixtures  of  composts  of 
varying  portions  and  ground  phosphorite,  found,  at  the  end  of  18  and 
38  weeks  that  in  most  instances  there  was  a  decrease  rather  than  an 
increase  of  water  soluble  phosphoric  acid.  In  another  set  of  experi- 
ments of  6  month's  to  one  year's  duration,  this  investigator  found 
no  appreciable  increase  in  the  water  soluble  phosphoric  acid. 

Lupton,  (35),  testing  the  effect  of  fermenting  cotton  seed  and 
cotton  seed  meal  with  ground  South  Carolina  phosphate  rook,  found 
no  appreciable  increase  in  the  availability  of  the  phosphate. 

On  the  other  hand,  Egorov  (36),  working  with  different  kinds 
of  stable  manure,  as  sources  of  phosphoric  acid,  notes  a  large  increase 
in  the  amount  of  insoluble  phosphoric  acid  in  fermenting  mainires. 

Behrens  (37)  is  responsible  for  the  statement  by  Lafar  that 
microorganisms  of  stall  manure  are  capable  of  cleaving  organic  com- 
pounds in  such  a  way  as  to  render  the  phosphoric  acid  and  other  ash 
constituents  available  so  that  the  constituents  may  be  utilized  in  the 
metabolism  of  their  own  cells-. 

Stoklasa  (38)  reports  that  bacterial  cultures  growing  on  media, 
supplied  with  various  insoluble  phosphates,  may  assimilate  as  much  as 
25%  of  the  total  phosphoric  acid  in  tricalcium  phosphate  or  commer- 
cial phosphates,  providing  suitable  carbohydrates  are  present. 

>fcNeal  (39>,  working  with  fresh  human  faeces  is  responsible 
for  the  statement  that  as  much  as  50*^^   of  the  total  dry  matter  of  the 
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faeces  may  be  dead  or  living  bacterial  cells.  Thie  gives  us  some 
idea  of  the  amount  of  phosphates  and  minerals  that  may  be  held  as 
bacterial  organic  matter. 

Tottingham  and  Hoffman  (40)  subjected  rock  phosphates  and 
acid  phosphates  to  the  action  of  fermenting  manure  from  3  to  6 
months  and  found  there  was  a  marked  decrease  in  the  amount  of 
water  soluble  phosphates  in  manure  alone  or  in  mixtures  with  either 
rock  phosphate  or  acid  phosphate.  The  addition  of  either  chloroform 
or  formaldehyde  in  quantities  sufficient  to  practically  inhibit  bacterial 
action  greatly  reduced  the  dec^'ease  in  water  soluble  phosphates  in 
such  mixtures  of  manures  and  floats,  indicating  that  loss  of  phos- 
[>hates  during  fermentation  was  due  to  consumption  of  phosphates  by 
bacteria. 

Pot  tests  with  barley  confirmed  the  results  of  the  laboratory.  A 
Sl%  greater  yield  of  grain  was  secured  by  the  simultaneous  appli- 
cation of  fermented  manure  and  soluble  phosphate  than  by  the  use 
of  a  mixture  of  manure  and  soluble  phosphate  which  had  previously 
undergone  fermentation.  A  second  crop  grown  upon  the  same  soil 
Avithout  further  fer|;ilization  reversed  the  above  crop  yield,  thus 
indicating  that  the  phosphate  previously  rendered  insoluble  by  bac- 
terial assimilation  was  now  available  to  the  crop.  Similar  results 
were  obtained  by  the  use  of  fermented  and  unfcrmented  mixtures  of 
manure  and  rock  phosphate. 

DTSOrSSIOX  OF   PKEVIOUS   WORK 

The  earliest  work  on  plant  food  consumption  by  microorganisms 
consisted  mostly  of  work  with  fermenting  manures  and  observations, 
on  transformation  of  ammonia  and  nitrate  nitrogen  to  protein  sub- 
stances, and  occassionally  investigations  on  the  effect  of  decayiag 
organic  matter ;  chiefly  manure,  upon  the  solubility  of  phosphates. 
The  results  usually  indicate  that  there  is  no  increase  in  the  water  solu- 
ble phosphates  but  often  a  decrease.  As  systematic  bacteriology  and 
mycology  developed,  investigations  were  made  to  ascertain  the  nitro- 
genous compounds  which  would  serve  as  a  source  of  nitrogen  for 
bacteria  and  molds.  As  a  consequence,  there  is  now  a/  considerable 
literature  bearing  upon  the  carbon  as  well  as  the  nitrogen  require- 
ments of  molds  and,  to  a  less  extent,  for  bacteria.  In  the  works 
published  during  the  last  two  decades,  may  be  found  many  references 
to  the  carbon  sources  of  certain  species  of  bacteria.  Although  not 
always  clearly  stated,  the  investigators  have  probably  had  in  mind 
the  carbon  for  cell  construction  rather  than  carbon  as  a  source  of 
energy.  Nevertheless,  the  work  along  this  line  by  Pere,  Hei.ierinck 
Fisher,  Schreiber,  Gottheil,  Xeide,  Maassen,  Duggeli.  Gerladi  and 
Vogel  (1)  has  contributed  much  to  our  knowledge  of  the  carbon  and 
nitrogen  requirements  of  bacteria.  The  protein  forming  bacteria 
isolated  from  soil  and  manure  by  Gerlach  and  Vogel.  was  a  step  in 
the  right  direction,  but  the  failure  to  follow^  it  by  more  extensive 
work,  showing  the  relation  of  these  bacteria  to  soil  metabolism  and 
that  transformations  of  ammonia  and  nitrate  nitrogen  to  protein  was 
common  to  other  organisms  as  well,  has  left  an  impression  that  the 
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transformation  of  ammonia  and  nitrates  to  protein  is  an  extremely 
detrimental  process,  confined  to  a  class  of  injurious  bacteria.  While  the 
knowledge  is  lacking  of  just  what  carbon  compounds  and  what  nitro- 
gen compounds  will  serve  as  food  for  a  given  specie,  it  is  known  that 
certain  bacteria^  as  well  as  a  large  number  of  molds,  can  use  ammonia 
and  nitrate  nitrogen,  provided  they  have  a  suitable  source  of  energy. 
Moreover,  these  facts  stand  out  clearly:  that  under  conditions  where 
the  medium  contains  suitable  energy  material  the  ammonia  and  nitrate 
nitrogen,  as  well  as  the  water  and  citrate  soluble  phosphates,  may  be 
severely  depleted  by  microorganisms. 

Turning  now  to  a  more  critical  discussion  of  the  preceding 
references,  as  they  bear  upon  this  investigation,  the  work  of  Lemer- 
man  (2)  and  associates,  Lutz  (3),  Ritter  (4),  Stutzer  and  Rothe(5), 
Stoklasa  (6),  Street  (8),  Vogel  (14),  Fousek  (15),  Gottheil  (29)  and 
Bierema  (30)  dealing  with  the  assimilation  and  transformation  of 
ammonia  and  nitrate  nitrogen  to  protein  within  the  cell  of  the  micro- 
organism, has  a  distinct  bearing  upon  the  ^ work  cited  in  the  other 
references.  The  above  named  investigators,  working  with  pure  or 
mixed  cultures  of  microorganisms,  pr6ve  that  both  bacteria  and  molds 
are  capable  of  transforming  these  nitrogen  compounds  into  cell  sub- 
stance. This  conclusion  is  clearly  borne  out  in  many  of  the  references 
cited  by  Lohnis  (1).  Consequently,  when  there  is  taken  up  for  con- 
sideration the  work  of  Lipman  and  Brown  (9),  Lipman  and  associates 
(16)  and  of  Van  Suchtelen  (31),  one  is  in  a  position  to  see  more  clearly 
the  effects  of  the  carbohydrate  materials  used  by  those  authors.  Lipman 
and  Brown,  studying  the  effect  of  soluble  and  insoluble  carbohydrates 
upon  ammonia  and  nitrate  formation  create-  conditions  similar  to 
those  in  references:  2-3-4-5-6-8-14-15-29-30  and  41.  Therei'ore,  one 
is  dealing  with  a  phase  of  ammonia  and  nitrate  transformation  to 
protein.  Indeed  this  very  suggestion  is  made  by  Lipman  and  as- 
sociates (16).  With  Van  Suchtelen.  on  the  other  hand,  ^^v  have  a  dif- 
ferent manifestation  of  the  same  phenomea.  This  author  was  measur- 
ing the  end  product  of  carbon  oxidation,  therefore,  the  end  product 
of  the  reactions  to  obtain  energy.  Consequently,  it  may  be  assumed 
there  was  going  on  simultaneously  with  the  liberation  of  the  COg  the 
assimilation  and  transformation  of  nitrogen  to  .protein.  This  is  borne 
out  by  Van  Suchtelen's  plate  counts  which  in  general,  checked  with 
COj  liberation.  The  results  of  Hutchinson  and  Marr  (13)  and  that 
of  Fred  and  Hart  (19)  agree  in  general  with  those  of  Van  Suchtelen. 
Each  of  these  investigators  noted  an  increase  evolution  of  COg  with 
the  increase  in  the  number  of  bacteria.  With  Hutchinson  and  Marr 
an  increase  in  the  number  of  bacteria  and  an  increased  evolution  of 
CO2  took  place  when  they  added  starch  or  sugar. 

Behrens  (37)  and  Stoklsa  (38)  believe  that  bacteria  assimilate 
available  phosphoric  acid.  It  is  known  that  phosphates  are  necessary 
for  the  development  of  microorganisms.  The  work  of  McXeal  (39), 
on  the  other  hand,  gives  an  idea  of  the  amount  of  phosphates  that 
may  be  transformed  into  cell  constituents  by  bacteria  alone  under 
certain  conditions.  Futhermore,  Stoklasa  (38)  beleives  that  as  much 
as  25%  of  tricalcium  phosphate  or  commercial  fertilizers  may  be  so 
transformed  in  the  presence  of  sufficient  energy  material,  consequently 
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under  suitable  conditions,  the  amount  of  phosphates  consumed  by 
microorganisms  may  reach  considerable  amounts. 

The  direct  evidence  obtained  on  the  consumption  of  ammonia 
and  nitrate  nitrogen  by  microorganisms  in  the  presence  of  suitable 
energy  material  enables  us  to  explain,  too,  the  indirect  evidence  con- 
cerning the  consumption  of  phosphates  by  microorganisms  in  the 
presence  of  excess  organic  matter.  Indeed  the  explanation  of  Dush- 
echkin  (23),  working  on  the  biological  absorption  of  phosphoric  acid 
by  soils  is  in  keeping  with  the  above  explanation.  As  this  investigator 
indicates,  there  is  a  biological  absorption  of  phosphoric  acid  that  is 
separate  and  distinct  from  physical  absorption  and  the  chemical  trans- 
formations to  tribasic  forms.  In  other  words,  the  water  soluble  and 
citrate  soluble  forms  of  phosphoric  acid  may  be  assimilated  by 
microorganisms  in  the  presence  of  suitable  energy  material.  Ac- 
cording to  Duschechkin  the  absorption,  that  is  assimilation,  of 
phosphoric  acid  increased  with  the  increased  addition  of  starch. 

Tottingham  and  Hoffman  (40) ,  working  with  mixtures  of  ferment- 
ing manure  and  phosphates,  find  that  the  decrease  in  water  soluble 
phosphates  is  due  to  the  assimilation  of  the  available  phosphoric  acid 
by  the  bacteria  thus  agreeing  with  Duschechkin  that  the  transforma- 
tion of  the  available  phorsphoric  acid  to  unavailable  forms  is  due,  in 
part,  at  least,  to  a  biological  absorption. 

McDowell  (32),  Fleischer  (34),  and  Lupton  (35),  working  with 
fermenting  mixtures  and  phosphates,  for  varying  lengths  of  time, 
note  no  appreciable  increase  in  the  available  phosphates.  Egorov 
(36),  on  the  other  hand,  finds  a  distinct  increase  in  insoluble  phos- 
phates in  fermenting  manures. 

It  would  be  necessary  to  know  the  exact  conditions  of  the  experi- 
ments of  McDowell,  Fleischer  and  Lupton  before  an  explanation  could 
be  advanced.  With  Egorov,  however,  it  is  clear  that  the  micoorgan- 
isms  are  probably  responsible  for  the  increase  in  the  insoluble  phos- 
phates. 

It  is  now  possible  to  explain  the  results  obtained  by  Frankfurt 
and  Duschechkin  (12),  Hutchinson  and  Marr  (13),  Patterson  and 
Scott  (24),  Ehrenberg  (26),  and  of  the  barley  yields  obtained  by 
Lipman  and  associates  (16)  in  their  pot  tests.  Frankfurt  and  Dusch- 
echkin noted  that  green  manures,  both  legume  and  non-legume, 
lowered  both  the  NO3  and  NH3  content,  which  probably  means  that, 
aside  from  the  effect  due  to  the  decrease  in  moisture  noticed  by  the 
authors,  there  was  a  transformation  of  the  ammonia  and  nitrates 
to  protein. 

Aside  from  the  favorable  conditions  created  for  the  growth  and 
spread  of  parasitic  and  facultative  parasitic  molds,  by  the  addition 
of  sugar  and  starch,  the  consumption  of  available  plant  food,  at  least 
phosphates,  ammonia  and  nitrates,  by  microorganism,  probably 
explains  in  great  measure  the  results  of  Hutchinson  and  Marr.  These 
authors  noted  that  an  addition  of  sugar  or  starch  decreased  the 
yield  of  barley.  The  decrease  was  less  where  there  was  considerable 
plant  food  than  where  it  was  rather  limited,  indicating  that  the  ad- 
dition of  carbohydrates  enal)led  the  microorganism  to  compete  with 
the  barley  for  the  available  plant  food.     The  competition  was  reeris- 
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tered  by  a  greater  decrease  in  the  yield  of  barley  in  the  presence 
of  a  limited  amount  of  plant  food,  while  it  was  less  marked  where 
there  was  more  plant  food. 

Professor  Prianichnikov,  who  heard  the  presentation  of  the  paper 
by  Hutchinson,  explained  the  action  of  the  carbohydrates  as  follows: 
*'Das  Einfuhren  von  Kohlenhydrate  hat  immer  ein  Dnrchsetsiing  der 
Erntehone  als  Folge,  ebenso  wirkt  auch  unzersetztes  Stroh.  Die  Urache 
liegt  darin,  dass  durch  die  Bakterien  und  Pilze  der  Nitratstickstoff 
wirt  zum  thiel  zerstort  (denitrificert)  zum  theil  zu  Eiweistoffe  verar- 
beitet;  dann  leiden  die  Gramlneen  von  N- Mangel,  die  Leguminosen 
vertragen  aber  sehr  gut  eine  Kohlenhydratengabe,  ohne  zu  leiden. 
Es  er  scheint,  dass  in  den  versuchen  von  Herren  Hutchinson  und  Marr 
auch  die  Brscheinungen  der  Nitratzerstorung  oder  Nitratverbrauch 
eine  wichtige  EoUe  gespielt  haben".  Apparently,  Prianichnikov 
beleives  that  denitrification  was  in  this  case  the  principal  factor  in 
producing  these  decreased  yields. 

The  results  obtained  by  Lipman  and  associates  (16)  on  pot  yields 
of  barley,  where  it  was  shown  that  nitrogen  recovered  by  the  barley 
was  usually  greatest  from  samples  having  no  carbohydrate  and  that 
a  greatly  reduced  yield  was  obtained  in  the  presence  of  a  carbohy- 
drate,— point  clearly  to  a  competition  by  microorganisms  in  the 
presence  of  a  carbohydrate. 

In  connection  with  the  same,  they  show  that  dried  blood,  tankage 
and  with  mixed  fertilizers  containing  nitrogenous  organic  matter  that 
the  percent  of  organic  nitrogen  recovered  by  the  barley  was  usually 
greater  from  the  samples  having  the  highest  percentages  of  nitrogen 
These  results  probably  mean  that  the  samples  containing  the  highest 
percentage  of  nitrogen  usually  contained  the  lowest  amount  of  energy 
forming  materials.  Therefore,  during  the  decomposition  of  these 
nitrogenous  fertilizers,  there  was  a  greater  quantity  of  nitrogen, 
in  the  samples  high  in  nitrogen,  in  excess  of  the  microorganisms 
requirements  than  tl^ere  was  in  the  samples  low  in  nitrogen.  Conse- 
quently, there  was  a  greater  quantity  of  nitrogen  at  the  disposal 
of  the  barley  plants.  The  results  obtained  by  Lutz  (3)  support 
this  view.  He  studied  the  comparative  assimilability  of  ammonia- 
eal  salts,  amins,  and  nitrates  and  concludes  that,  in  general  nitro- 
genous compounds  are  assimilated  by  Aspergillus  and  Pencillium 
in  proportion  to  the  complexity  of  their  molecules.  Thus  the 
results  of  Lipman  and  associates  (16)  and  those  of  Lutz  (3) 
supplement  each  other.  Lutz  finds  that  the  amount  of  nitrogen 
not  assimilated  by  Aspergillus  and  Pencillium  was,  in  general, 
greatest  where  the  percent  of  nirogen  was  greatest  and  Lipman 
and  associates  find  that  the  amount  of  nitrogen  assimilated  by 
the  barley  plants  was,  in  general,  greatest  where  the  percent  of 
nitrogen  was  greatest.  The  nitrogen  not  assimilated  by  the  test 
organisms  of  Lutz  was  the  same  as  the  nitrogen  assimilated  by  the 
barley  plants  of  Lipman  and  associates. 

Lipman  and  associates  found  also  that  the  amount  of  ammonia 
recovered  from  the  rice  flour  and  corn  meal  was  about  the  same  with 
dextrose  as  without  it.  On  the  other  hand,  wheat  flour,  linseed  meal, 
cowpea  meal,  soybean  meal  and  cottonseed  meal  invarably  gave  less 
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ammonia  when  dextrose  was  added.  The  results  obtained  by  these 
workers  are  so  striking  that  the  table  has  been  copied  for  the  sake  of 
clearness  in  discussion.     It  is  appended  below. 


TABLE   ON  AMMONIFICATION   OF  VEGETABLE   SUBSTANCES  IN  THE  PRESENCE  OF 
t  DEXTROSE.     COPIED  FROM  PAGE  16.  BULLETIN  No.  247, 

NEW  JERSBY  EXPERIMENT  STATION 


Soil 

Organic  materials 
used 

Dextrose 

added 

gm. 

Water 

added 

c.c. 

Nitrogen 

in 
material 
used 
mgm. 

Ammonia  N 
recovered 

Portion 
No. 

7  Days 
mgm. 

Average 

mgm. 

1.        2... 

:i,       4... 

5,       6... 

7,       S.... 

9,     10... 
11.     12... 
13,     14.... 
15,     16... 
17,      18... 
19,     20... 
21,     22... 
23,     24... 
25.     26.... 
27,     28... 

4  gms.  Klce    flour    .... 
4  gnis.   Rico    flour    .... 
4  gms.  Com   Meal   .... 
4  gms.  Corn   Meal   .... 
4  gm8.  WTieat  flour  .. 
4  gms.  Wheat  flour  .. 
4  gms.  Linseed    Meal 
4  gms.  Linseed    Meal 
4  gms.  Cowpca    meal 
4  gms.  Cowpoa    moal 
4  gms.  Soybean    meal 
4  gms.  Soybean    meal 
4  gms.  Cottons'd     m'l 
4  gms.  Cottons'd     m'l 

None 

2    

None 

2    ..." 

None     ... 

2    

None 

2    

None 

2    

None 

2    

None 

2    

24. 
•     26 
24 
26 
24 
20 
24 
26 
24 
26 
24 
26 
24 
26 

46.40 

46.40 

51.20 

51.20 

94.80 

94.80 

247.00 

247.00 

156.80 

156.80 

245.60 

245.60 

240.12 

246.12 

1.39 
1.22 

1,22 
1.39 

1.22 
1.22 

1.39 
1.22 

4.88 
5.23 

3.48 
3.83 

120.06 
116.57 

96.88 
95.14 

51.23 
49.49 

33.11 
30.32 

133.65 
131.21 

109.78 
106.29 

125.98 
121.28 

98.97 
100.37 

1.30 

1.30 

1.22 

1.30 

5.05 

3.66 

118.31 

96.01 

50.36 

31.71 

132.4S 

108.03 

123.63 

99.67 

r 

An  examination  of  the  above  table  will  show  that  the  amount  of 
nitrogen  added  was  .0464:  grams  with  rice  flour,  .0512  grams  with 
corn  meal,  .0948  grams  with  wheat  flour,  .247  grams  wuth  linseed  meal, 
.1568  grams  with  eowpea  meal,  .2456  grams  wrfeh  soybean 'meal  and 
.24612  grams  with  the  cottonseed  meal.  The  percentages  of  total 
carbohydrates  in  these  substances  is  approximately  as  follows:  rice 
flour  65,  corn  meal  70,  wheat  flour  75,  linseed  meal  36.4,  eowpea  meal 
60,  soybean  meal  28.3,  and  cottonseed  meal  24.6.  Therefore  the  ad- 
dition of  4  grams  of  rice  flour  would  be  equivalent  to  adding  2.6 
grams  of  carbohydrates  and  .0464  grams  of  nitrogen  as  a  protein.  The 
addition  of  4  grams  of  each  of  the  other  substances  would  be  equivalent 
to  adding  the  following  (piantities  of  carbohydrates  and  nitrogen  as 
a  protein;  corn,  2.8  grams  carbohydrates  and  .0512  grams  protein 
nitrogen,  wheat  3  grams  carl)ohydrates  and  .0948  grams  protein  nitro- 
gen, linseed  meal  1.4  grams  carbohydrates  and  .247  grams  proteui 
nitrogen,  eowpea  meal  2.4  grams  carbohydrates  and  .1568  grams  pro- 
tein nitrogen,  soyl)ean  meal  1.1  grams  carbohydrates  and  .2456  grams 
protein  nitrogen   and  cottonseed  meal  .9  grams  carbohydrate  and  :24612 
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grams  of  protein  nitrogen.     The  ratio  of  carbohydrates  to  nitrogen 
would  be 

56  to  1  for  rice  flour.  15  to  1  for   cow  pea   meal. 

.54  to  1  for  corn  meal.  5  to  1  for  soybean  meal. 

32  to  1  for  wheat  flour.  4  to  1  for    cottonseed    meal. 
(5  to  1  for  linseed  meal. 

According  to  the  above  proportions  there  isapproxiniatey  twice  as 
much  carbohydrates  in  proportion  to  the  nitrogen  in  the  rice  flour 
and  corn  meal  as  there  is  in  the  wheat  flour,  almost  four  times  as 
much  carbohydrates  in  proportion  to  the  nitrogen  in  the  rice  flour 
and  corn  meal  as  there  is  in  the  cowpea  meal  and  approximately  ten 
times  as  much  carbohydrates  in  proportion  to  nitrogen  in  the  rice 
flour  and  corn  meal  as  there  is  in  either  the  linseed  meal,  soybean 
meal  or  cottonseed  meal.  There  is,  furthermore,  a  high  percent  of 
starch  in  the  carbohydrates  of  rice,  corn,  wheat,  cowpea  and  soybeans. 
Lipman  and  assojeiates  show  in  this  same  work  that  starch  represses 
the  ammonification  of  dried  blood  ihore  than  sucrose  and  sucrose 
more  than  dextrose.  Therefore,  the  reason  why  dextrose  did  not 
repress  the  ammonification  of  rice  flour  and  corn  meal  was  because 
there  was  sufficient  carbohydrates  present  in  these  substances  to  allow 
the  assimilation  of  pratically  all  the  nitrogen.  On  the  other  hand, 
with  wheat  there  was  probably  not  quite  enough  readily  available 
carbohydrate  present  to  furnish  sufficient  energy  to  consume  the 
larger  quantity  of  nitrogen  and  the  energy  furnished  by  the  dextrose 
enabled  th^  microorganisms  to  assimilate  some  of  the  excess  nitrogen. 
A  similar  explanation  answers  for  the  other  substances. 

Brown  (42)  noted  a  similar  effect  of  carbohydrates  upon  sul- 
foficfiation  in  soils  and  the  same  explanation  probably  applies.  Likewise, 
this  is  probably  the  reason  why  Frankfurt  and  Duschechkin  (12), 
Patterson  and  Scott  (24),  Ehrenberg(26),  Enberding  (27)  and  Hill 
(28)  noted  an  inhibitive  effect  of  carbohydrates  upon  nitrification 
and  also  probably  the  reason  why  McDowell  (32).  Fleischer  (34), 
Lupton  (35):  as  explained  too  by  Dusceehkin  (33),  fitoklasa  (38) 
and  Tottingham  and  Hoffman  (40),  noted  an  absorption  or  assimilation 
of  phosphates. 

The  results  secured  by  Hoffman  (18)  in  his  work  on  nitrogen 
fixation  due  to  the  application  of  carbohydrates  may  be  explained 
as  follows: 

The  application  of  kainits  and  floats  furnished  potassium  and 
phosphorus  which  made  a  better  balanced  bacterial  medium  and 
thereby  favored  the  development  of  decay  organisms.*  The  decay 
organisms  finding  themselves  in  a  better  balanced  medium,  due  to  the 
increase  in  potash  and  phosphorous,  consumed  some  of  the  sugar  or 
starch  for  energy.  The  consumption  of  energy  material  by  the  decay 
organisms  reduced  the  amount  of  energy  material  available  to  the 
nitrogen  fixing  bacteria.  The  reduction  of  energy  material  was 
registered  as  a  decpease  in  nitrogen  fixation. 

MATERIALS   AND   METHODS   TSED 

All  chemicals  used  in  these  investigations  were  Merk's  ''Highest 
Purity".  These  chemicals  were  all  tested  for  purity  before  being 
used.    Only  redistilled  water  was  used. 
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Unless  otherwise  stated,  all  tests  were  run  in  quadruplicate  and 
repeated  at  least  once.  Where  variation's  were  observed,  either  be- 
tween checks  or  between  first  and  second  determinations,  the  tests 
were  repeated  until  the  cause  of  variation  was  clear. 

The  cultures  were  transferred  to  nutrient  broth  72  hours  before 
inoculation.  Seventy-two  hour  growths  on  nutrient  broth  were  used 
for  all  inoculation.  Approximately  uniform  numbers  of  bacteria  were 
secured  by  adding  5  grams  of  quartz  sand  to  each,  10  c.c.  of  nutrient 
broth  before  sterilization.  The  sand  enabled  the  separation  of  most 
cells  by  agitation. 

Chemical  determinations  were  made  by  standard  method  (68). 

When  quantitative  determinations  were  made  to  estimate  the 
amount  of  chemical  consumed,  the  amount  of  the  chemical  added  was 
always  determined  by  analysis  of  the  medium  which  had  served  as 
control. 

Owing  to  a  lack  of  sufficient  incubation  room,  these  determina- 
tions were  all  run  at  room  temperature  which  unfortunately  varied 
from  22°  to  28°  C.  The  fluctuations  of  temperature  sufficed  to  cause 
marked  variation  in  degree  of  reaction.  Such  for  example,  as  a 
difference  in  the  amount  of  ammonia  liberated  from  casein  in  a  given 
period  by  B.  mycoides.  Although  there  was  a  distinct  difference  in 
degree  of  reaction,  there  was  no  change  noted  in  relation  of  one 
species  to  another. 

Owing  to  the  fact  that  most  of  the  data  in  this  bulletin  will  be 
used  for  extensive  discussion  the  probable  error  has  been  recorded, 
M^herever  practical.  Wherever  the  recording  of  the  error  would  make 
too  large  a  table,  or  where  it  was  impractical  because  of  compilation 
or  arrangement,  the  grand  average  error  has  been  recorded  below 
each  table.  All  extreme  variations  were  eliminated,  as  previously 
noted.  The  averages  are  simple  arithmetic  averages  as  the  calculation 
of  least  squares  involved  too  much  work  for  the  data  presented 
in  this  bulletin. 


EXPERIMENTAL   WORK 

Work  with  synthetic  media  (69),  using  c.  p.  anhydrous  dextrose 
as  a  source  of  energy,  proved  that  B.  subtillis,  B.  mycoides,  B  me- 
gatherium, B.  proteus,  B.  vulgatus  and  i^arcina  lutea  could  as.similate 
ammonia  nitrogen. 

The  medium  used  had  the  following  composition: 

K0HPO4  1.00  gm. 

(NH4)o804  1.00   gm. 

MgS04*' 0.50   gm. 

C'aCL,   20   gm. 

XaCf 10    gm. 

FCSO4    01    gm. 

MnS04     001  gm. 

Anhydrous  Dextrose   5.00  gm. 

Water,  double,  distilled  from  glass  retort  and 

condenser    1000.00    gm. 

To  facilitate  discussion  this  medium  will  be  known  B»  No.  1. 
The  reaction  of  the  medium  was  -f-  .4%. 
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After  sterilization,  1  c.c.  of  a  72  hour  culture  was  transferred 
into  a  2000  c.c.  Erlenmeyer  flasks,  containing  400  c.c.  of  the  medium. 
Growth  occurred  within  48  hours  to  96  hours  depending  upon  the 
organisms  and  upon  the  temperature.    Tests  were  run  seven  days. 

Quantitative  determinations*  were  made  to  ascertain  the  amount 
of  ammonia  assimilated  per  gram  of  dextrose  consumed. 

The  amount  of  ammonia  assimilated  was  determined  hy  the 
difference  between  that  added  and  the  amount  recovered  as  ammonia 
at  the  end  of  the  experiment.  These  determinations  were  made  upon 
400  c.c.  portion  of  the  medium,  by  the  MgO.  method  (68),  Therefore, 
all  figures  on  ammonia  determination  must  be  taken  as  relative  and 
not  absolute.  The  difference  was  determined  as  follows:  Four  400  c.c. 
portions  of  the  medium  were  used  as  controls.  At  the  end  of  the  ex- 
periment the  ammonia  present  in  these  was  determined.  This  was 
assumed  to  be  the  ammonia  added.  The  ammonia  present  in  the  four 
inoculated  quadruplicates  was  then  determined.  The  ammonia  present 
in  the  latter  subtracted  from  the  ammonia  present  in  the  former  was 
assumed  to  give  the  ammonia  consumed.  It  was  assumed  that  no 
nitrogenous  compounds  capable  of  liberating  ammonia  in  the  presence 
of  ]MgO  was  secreted  into  the  medium  by  the  growing  bacteria. 

Analysis  of  the  total  nitrogen  was  made  by  the  Kjeldahl  method 
modified  to  include  nitrates  (68). 

The  dextrose  consumed  was  estimated  by  determining  the  dex- 
trose tl^at  remained  at  the  end  of  the  experiment  in  10  c.c.  of  cleared, 
filtered  medium  from  the  control  flasks.  This  was  considered  the 
amount  of  dextrose  added.  The  amount  of  dextrose  that  remained 
in  10  c.c.  of  cleared  filtered  medium  from  an  inoculated  flask  was 
subtracted  from  the  amount  added  to  give  the  amount  consumed. 

The  method  employed  was  direct  weighing  of  cuprous  oxide. 
Treatment  and  Results  are  given  in  Table  I. 


TABLE  I.     DEXTROSE  AND  AMMONIA  CONSUMED  BY  BACTERIA  AT  ROOM 
TEMPERATURE  22  TO  29  C.     CALCULATIONS  MADE  FOR  100  C.  C. 


Organism 

Appearance 

Mgm. 

dextrose 

consumed 

E 

Mgm. 
NH3  as- 
similated 

K 

Mgm  of 
NH3  assim- 
ilated per 
gram  of 
dextrose 

Total 
N  at 
begin- 
ning 
mgm. 

Total 
N  at 

close 
mgm. 

B.  Bubtilis 

Hocculent 
precipitatf* 

Heavy 
turbidity 

.'^00 

.4 

1.0 

2.       • 

1.1 

6.0 

210.9 

211.9 

B.  proteus 

012 

4. 

1.0 

6.5 

It 

210.7 

B.  mycoldes 

Eleavy 
flocoulent 
precipitate 

650 

1.5 

6. 

1.1 

9.2 

tt 

211.0 

B.  megatherium^. 

Turbid  with 
sediment     ... . 

.^20 

.5 

12. 

.9 

37.4 

<< 

211.4 

B.  vulgatus — .. 

Membrane 

54.") 

.r, 

17.5 

.4 

:V2.l         ] 

t< 

210.0 

Sarcina  lutea 

Vlcld 
sediment    .... 

410 

1.9 

5. 

1.7 

12.1 

It 

2io.;i 

Control  (70) 

Clear     

None 

1 

None 

No  no 

1 1 

210.0 

's  Reagent  cannot  be  used  in  the  presence  of  dextrose,  levulose.  or 
'ith  these  sufjars.  Nessler's  gives  a  reaction  which   at  first  strongly 


*Nc88ler 
galactose.  Wi 

resembles  the  ammonia  reaction,  but  later  slowly  changes  to  resemble  the  alde- 
hyde reaction  with  Nessler.  Therefore,  direct  colormetric  determinations  of 
ammonia  could  not  be  made. 
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Unpublished  notes  on  Synthetic  media  (70)  show  that  check 
determinations  with  each  organism  using  the  above  medium  without 
dextrose  gave  negative  results.  The  same  was  true  With  each  organ- 
ism when  inoculated  into  the  above  medium  without  ammonia. 

The  results  in  the  second  column  of  Table  I  show  distinctly  that 
a  growth  takes  place.  Columns  3  and  5  show  that  the  growth  is 
accompanied  by  a  disappearence  of  dextrose  and  ammonia,  but  with 
no  decrease  in  total  nitrogen,  as  may  be  seen  by  columns  8  and  9. 
Sinca  there  was  a  disappearance  of  ammonia  with  no  loss  of  nitrogen, 
it  appears  that  the  growth  of  the  bacteria  must  have  caused  the 
ammonia  to  be  transformed  into  some  nitrogenous  compound  which 
would  not  liberate  the  nitrogen  as  ammonia  during  the  period  of 
distillation  with  MgO.  In  order  to  guard  against  the  possibility  of 
oxidation  of  ammonia  to  nitrates,  qualative  tests*  were  made.  All 
tests  for  nitrates  were  negative.  Consequently  the  ammonia  did  not 
remain  in  the  medium  as  a  salt  of  ammonia  nor  as  a  nitrate.  Therefore, 
bacterial  growth  must  have  resulted  in  part  of  the  ammonia  being 
transformed  into  some  complex  form.  Since  there  was  no  other  form 
of  nitrogen  present  in  the  medium  excepting  ammonia,  and  since  the 
bacteria  must  have  nitrogen  in  order  to  develop  they  must  have 
assimilated  the  nitrogen  of  ammonia.  Nitrogen  fixation  did  not  take 
place. 

The  results  in  column  7,  Table  I,  must  not  be  regarded  as  absolute 
because  of  the  great  variation  in  temperature. 

Likewise,  no  attempt  was  made  to  determine  the  possible  extra- 
cellular enzymic  action  which  might  reduce  some  dextrose  to  a  non- 
reducing  body,  thus  giving  it  the  appearance  of  having  been  consumed 
as  energy  or  building  material  when  its  disappearance  may  have  been 
due  to  purely  enzymic  action  independent  of  energy  consumption  by 
the  bacterial  cell.  Neither  was  an  attempt  made  to  detect  or  measure 
the  possible  formation  of  aldehydes  from  the  dextrose.  As  aldehydes 
reduce  Fehlings  solution,  they  would,  if  present,  make  it  appear  that 
less  dextrose  had  been  consumed  than  was  really  the  case.' 

The  fundamental  problem  underlying  this  study  of  assimilation 
of  ammonia  by  bacteria,  aside  from  a  suitable  source  of  energy,  is 
the  unit  of  energy  required  by  any  one  organism  per  unit  of  ammonia 
assimilated.  Since  the  action  of  these  organisms  upon  dextrose  re- 
sulted in  the  formation  of  lower  compounds,  which  still  contain 
considerable  of  the  original  potential  energy  of  the  dextrose,  it  cannot 
be  said  that  column  3  represents  the  amouut  of  potential  energy  in 
terms  of  dextrose  necessary  to  assimilate  the  amount  of  ammonia 
in  column  5  but  only  the  amount  of  dextrose  which  these  organisms 
reduced  to  lower  compounds  in  order  to  obtain  the  requisite  energy. 
The  actual  amount  of  energy  involved  remains  undetermined.  This 
point  has  been  excellently  presented  by  Rahn  (4-3)  on  food  of  micro- 
organisms. He  writes:  **The  total  energy  stored  in  an  organic  com- 
pound is  measured  by  the  amount  of  heat  liberated  by  its  complete 
combustion.  One  gram  of  dextrose  produces  3750  calories,  if  burned 
to  carbon  dioxide  and  water.    The  plant  producing  this  dextrose  from 

*Brown   Ring,   Diphenvlamine  and   Brucine   tests. 
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carbon  dioxide  and  water  needs,  therefore,  3750  calories  for  every 
gram  made,  which  are  taken  from  the  radiant  energy  of  the  sun.  The 
mold  oxidizing  one  gram  of  dextrose  completely,  gains  in  this  process 
3750  calories  which  may  be  used  in  form  of  chemical  energy  for  its 
growth  and  for  building  up  the  complex  compound  of  cell  life  from 
small,  simply  constructed  molecules.  If  the  mold  has  ceased  growing, 
these  3750  calories  will  not  be  used,  but  will  produce  a  slight  rise  in 
the  temperature  of  the  nutrient  medium.  A  yeast  fermenting  the 
dextrose  to  alcohol  and  carbon  dioxide  does  not  use  the  entire  energy 
of  the  dextrose;  there  is  considerable  available  energy  left  in  the 
alcohol;  carbon  dioxide  contains  no  available  energy.  One  gram  of 
dextrose  gives  about  .48  gram  of  alcohol  and  .52  gram  of  carbon 
dioxide.  The  heat  of  combustion  of  alcohol  is  7183  calories  per  gram 
or  3476  calories  for  0.48  gram.  The  heat  of  combustion  of  carbon 
dioxide  is  nil.  The  dextrose  before  fermentation  contained  3750 
calories,  the  products  of  fermentation  contained  3476  calories; 
the  yeast,  therefore,  gains  by  the  fermentative  process  only 
274  calories  from  1  gram  of  dextrose.  This  is  a  very  small 
gain  compared  with  that  of  oxidation,  the  ratio  is  274:*  3750 
or  1 :14.  This  means  that  a  yeast,  in  order  to  get  the  same 
supply  of  energy  as  an  oxidizing  mold,  has  to  ferment  fourteen  times 
as  much  sugar  as  the  mold  oxidizes". 

There  are  several  factors  which  influence  the  rate  of  dextrose 
consumption  per  milligram  of  NHg  assimilated.  As  a  general  rule, 
more  dextrose  is  consumed  per  mgm.  of  NH3  assimilated  at  low  tem- 
peratures than  at  high.  Likewise  aeration  greatly  affects  the  relation 
between  dextrose  and  ammonia  consumption.  Moreover,  if  certain 
organisms  secrete  extra  cellular  enzymes  which  are  capable  of  de- 
composing dextrose  into  acids  or  gas,  these  will  prove  wasteful  users 
of  dextrose.  In  the  presence  of  a  large  excess  of  dextrose,  it  is  con- 
sumed in  larger  quantities  per  gram  of  NH3  than  in  the  presence 
of  a  large  excess  of  NH3. 

Having  established  the  fact  that  the  test  organisms  consume 
NH3  when  dextrose  is  present,  as  a  source  of  energy,  they  were  next 
tested  for  their  ability  to^produce  ammonia  from  casein  in  synthetic 
solution  and  from  casein  in  the  presence  of  dextrose.  Casein  was 
selected  because  it  may  be  obtained  reasonably  pure;  is  a  definite 
chemical  compound,  and  that  which  remains  in  the  medium  at  the 
end  of  the  experiment  can  be  determined  with  some  degree  of  ac- 
curacy. Consequently  the  amount  of  casein  decomposed  by  an  organ- 
ism, under  definite  conditions,  in  order  to  liberate  a  given  amount  of 
anunoma,  may  be  assumed  to  be  the  difference  between  the  amount  of 
casein  added  and  the  'amount  of  casein  that  remains  in  the  medium 
at  the  end  of  the  experiment.  The  medium  for  this  work  was  the 
same  as  medium  No.  1,  excepting  that  casein  was  substituted  for 
(NHJjSO^. 

Brown  (44)  has  shown  that  casein  serves  as  a  suitable  ammonifi- 
able  substance  for  measuring  the  ammonifying  power  of  soils.  The 
method   used    by   Brown   for   putting   casein   in   solution   was   found 
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quite  satisfactory.     The  medium  used  in  these  experiments  had  the 
following  composition.  Grams 

k:2HP04   1.00 

Casein    5.00 

MgS04    50 

CaOl^    20 

FC8O4    01 

MnS04  0001 

Distilled  water  > 1000.  c.c. 

Dextrose,  when  used,  was  added  at  the  rate  of  5  grams  per  liter. 
Reaction  adjusted  to  -}-  .5%. 

The  above  medium  is  No.  2 

2 — A,  Casein  only. 

2 — B,  casein  and  dextrose. 

The    exact    procedure    for    making   the    above    medium    was   as 

follows:     All  the  chemicals  used  in  medium  No.   1  excepting  NaCI, 

K2HPO4  and  the  nitrogen  were  added  to  about  15  liters  of  distilled 

water.    One  hundred  grams  of  Merck's  casein  was  then  dissolved  in 

4  liters  of  approximately  .06  N.  NaOH.    The  casein  solution  was  added 

with  constant  stirring  to  the  15  liters  of  water.     The  entire  solution 

was  then  made  slightly  acid  by  the  addition  of  N.  HCl.    While  adding 

the  IICl,  vigorously  stirring  w^as  maintained.    This  completely  breaks 

uj)  any  casein  precipitate.    The  requisite  amount  of  K2HPO4  was  then 

added  and  the  medium  diluted  to  20  liters  after  which  the  reaction 

was  adjusted  to  H"  .57r  acid.    The  medium  was  then  divided  into  two 

10  liter  portions.    One  of  the  10  liter  portions  received  50  grams  of 

c.  p.  anhydrus  dextrose. 

These  media  w^ere  then  measured  out  in  600  c.  c.  portions  in  two 
liter  erlenmeyer  flasks,  plugged  and  sterilized  in  the  autoclav  at  10  lbs., 
for  15  minutes,  after  w^hioh  they  w^ere  allowed  to  stand  at  least  72 
hours  at  room  temperature  before  inoculation.  Inoculations  were 
made  by  transferring  1  c.c.  of  72  hour  boullion  culture  to  each 
Hask.  Two  controls  were  rim  for  each  medium.  The  amount 
of  casein  and  dextrose  present  in  the  controls  at  the  end  of  the 
experiment  was  considered  the  amount  of  these  substances  in  the 
medium  at  the  begining  of  the  trial.    The  results  are  given  in  Table  II. 

At  the  beginning  of  the  work  with  the  dextrose  medium,  very 
unsatisfactory  results  were  obtained  when  the  room  temperatures 
reached  almost  29°  C.  At  this  temperature  B.  subtilis  produced 
sufficient  acid  in  48  to  72  hours  to  precipitate  the  casein  and  retard 
bacterial  action.  The  same  was  true  with  B.  mycoides  and  B.  proteus 
from  72  to  96  hours.  The  difficulty  was  finally  overcome  by  adding 
to  each  flask  5  grams  of  finely  ground  c.  p.  CaCOg.  The  same  amount 
of  CaC.'O.^  was  added  to  the  flasks  which  contained  only  casein.  All 
flasks  were  stirred  by  rotating  equal  number  of  times  each  morning 
and  evening. 

The  results  in  Table  II  show  that  dextrose  in  some  way  retards 
the  accumulation*  of  ammonia  in  the  medium.  Such  retardation  may 
be  due  either  to  dextrose  inhibiting  the  growth  of  bacteria,  loss  of  NHg 
from  the  medium,  splitting  the  casein  into  amino  acids  without  the 
liberation  of  ammonia  or  the  assimiltion  of  the  ammonia  liberated. 

*As  ])oiiitod  out   later,  there  is  a  difference  between  amiuonification  aa  wc 
uuw  define?  it  and  animoina  aceiiTnulation. 
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TABLE  II.    THE  EFFECT  OF  DEXTROSE  UPON  THE  AMMONIFICATION  OF  CASEIN  BY 
PURE  CULTURES  OF  BACTERIA,  INCUBATION  PEROID  SIX  DAYS 


Organism 

Treatment 

Mgm.  NH, 

B 

Difference  due 
to  dextrose 

B.  subtUls 

Casein      

34.4 

.85 

B.  subtilis 

Casein    &    dextrose 

9.6 

,95 

24.8 

B.  proteuB 

Casein     

15.2 

1.05 

B.  proteus ^ 

Casein    &    dextrose 

3.6 

1.00 

11.6 

B.  mycoldes 

Casein     

72.8 

.60 

B.  mycoldes 

Casein    &    dextrose 

3.6 

.75 

69.2    • 

B.  megatherium 

Casein  ^ 

19.2 

.15 

B.  megatherium 

Casein    &    dextrose 

9.6 

.85 

9.6 

B.  vulgatus 

Casein      

29.0 

.60 

B.  valgatus 

Casein    &    dextrose 

11.0 

.80 

19.0 

S.  Iutea..._ 

Casein     

57.2 

.92 

S.  lutea 

Casein    &    dextroso 

9.6 

.74 

47.6 

If  there  is  a  loss  of  nitrogen  from  the  medium,  it  can  be  estimated 
by  a  total  nitrogen  determination.  If  there  is  an  inhibitive  effect 
exerted  by  the  dextrose  the  inhibitive  effect  can  be  measured  directly 
by  making  a  total  count  of  the  bacteria  and  comparing  the  number 
of  those  found  with  those  in  casein  alone.  If  dextrose  exerts  an 
inhibitive  effect  on  bacterial  development,  there  should  be  but  slight, 
if  any,  decomposition  of  the  casein.  On  the  other  hand,  if  there  is  an 
increased  bacterial  growth,  a  decrease  in  dextrose  and  casein  with 
no  loss  of  total  nitrogen,  there  being  no  increase  in  ammonia  accum- 
ulation and  no  nitrate  formation,  it  should  go  far  to  indicate  that  the 
ammonia  which  was  liberated  from  the  casein  was  assimilated  by  the 
growing  bacteria.  In  order  to  test  out  these  theories,  media  2  A.  and 
2  B.  were  again  prepared  and  inoculated  as  in  the  preceding  experi- 
ment. 

The  nitrogen  present  at  the  beginning  was  determined  by  analy- 
sis of  the  control,  flasks. 

Casein  determinations  were  made  by  the  official  method  (68), 
after  filtering  the  medium  through  filter  paper  to  remove  bacterial 
membranes.  Unquestionably  there  were  many  bacterial  cells  still 
left  in  suspension  and  large  numbers  of  these  were  carried  down 
by  the  casein  precipitate.  In  order  to  free  the  casein  precipitate 
as  much  as  possible  from  the  bacterial  cells,  it  was  dissolved  in  ap- 
proximately N/20  NaOH  and  reprecipitated  with  acetic  acid.  It  was 
found  necessary  to  thoroughly  comminute  the  precipitate  from  the 
flasks  containing  dextrose  before  it  would  go  into  solution. 

Total  counts  of  bacteria  were  made  on  standard  (45)  nutrient 
agar.  Extreme  difficulty  was  experienced  in  getting  agreement  be- 
tween checks  for  total  counts  because  of  the  heavy  membranes  formed. 
This  was  finally  overcome  by  weighing  out  100  grams  pure  quartz  sand 
into  quart  Mason  jars.  To  these  jars  were  then  added  200  c.  c.  media 
2-A  or  2-B  as  required.  These  jars  were  plugged  with  cotton  sterilized 
and  inoculated  as  above.  At  the  end  of  the  experiment  the  cotton 
plugs  were  removed  and  the  sterile  caps,  with  rubbers,  were  screwed 
on.  .  These  jars  were  then  shaken  in  the  shaking  machine  for  30 
minutes.  After  allowing  the  sand  to  settle,  the  counts  were  made  by 
proper  dulution. 

Turning  now  to  Table  III,  it  becomes  apparent  from  columns  3  and 
4  that  there  was  no  loss  of  nitrogen.    In  column  5  the  dextrose  exerted 
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VTABLB  III.     RESULTS  OF  6  DAYS  INCUBATION  AT  ROOM  TEMPERATURE  USING  400 
C.C.  OF  A  SYNTHETIC  NUTRIENT  SOLUTION  WITH  CASEIN  AS  A  SOURCE 
OF  NITROGEN  AND  WITH  CASEIN  AND  DEXTROSE 


Organism 

o 

V 

6 

k. 

Mgm.  of  N 
at  beginning 

Mgm.  of  N 
at  close 

Mgm.  of 

ammonia 

accumulated 

Mgm. 

difference  due 

to  dextrose 

Mgm.  casein 
consumed 

Mgm.  casein 
per  mgm. 

NHs 

Calculated 

mgm.  of  NHs 

iberated 

Calculated 

mis 

consumed 

Dextrose 
consumed 

B.  subtilis 

Casein 

577.4 

578.0  1  43. 

1  2109.11 

I    49.0    43.     ! 

28.S 

B.  pubtllls 

Casein 
dextrose 

(< 

577.0 

11.9 

1 

21.1    1874.1 

'38.2 

26.0 

1934 

42.6 

B.  proteus 

Casein 

•'       1 578.«    13.« 

1  2054.4 

151.0  1  13.6 

62.4 

B.  proteus 

Casein 
dextrose 

it  • 

578.0      2.6 

11.0 

1716.4 

1 
11.3 

8.7 

1771 

67.75 

B.  mvcoldes 

Casein 

*• 

577.0  '  64.9 

1459.0 

22.4  1  64.9 

50.2 

B.  luvcoldtjs 

Casein 
dextrose 

(« 

577.0 

14.3 

1 
50.6  i  1001.0 

44.6 

30.3 

1885 

61.0 

B.  megatherium.. 

Casein 

ft » 

578.4  !  20.8 

2055.2 

98.8  i  21.1 

1 

57.S 

B.  megatherium. - 

Casein 
dextrose 

mi 

578.1^10.5 

9.6  1  2086.5 

20.4 

9.9 

1864 

87.9 

B.  vulgatus 

Casein 

k| 

577.2    ^2.0 

i  1734.9 

54.2  1  32.0 

91.4 

B.  vulgatus 

Cai^ein 
dextrose 

577.3    16.7 

1 
15.3  1  1773.1 

32.7 

16.0 

1988 

111.2 

S. lutea 

Casein       ;      "        577.0    28.4 

829.5 

29.2 

28.8 

14.7 

» 
S. lutea 

Casein 
dextrose 

kt 

578.0 

9.2 

19.6 

doo.o 

30.8    21.6 

1565 

15.H 

Average 
error 

.2") 

.9 

.65 

13.2 

1.3 

.440 

Maximum 
error 

1.7 

1.95 

1 

\       33.4 

4.8 

.715 

Minimum 
error 

.1 

.25 

t 
I           1         1.2 

.1 

.200 

a  distinct  degression  upon  the  accumulation  of  ammonia.  In  column 
6,  the  depression  is  seen  to  vary  from  11  to  50.6  mgm.  The  ques- 
tion now  arises:  was  the  depression  real  or  only  apparent,  i.  e.,  did 
the  addition  of  dextrose-really  lessen  the  amount  of  ammonia  liberated 
or  did  the  presence  of  dextrose  enable  the  bacteria  to  assimilate  part 
of  the  ammonia  liberated?  In  all  cases,  there  was  a  marked  decom- 
position of  casein.  In  column  7  it  may  be  seen  that  dextrose  caused 
a  distinctly  smaller  decomposition  of  casein  with  B.  subtilis,  B.  proteus 
and  B.  mycoides.  While  there  appears  to  be  a  greater  decomposition 
of  casein  in  the  presence  of  dextrose  with  B.  megatherium,  B.  vulgatus 
and  S.  lutea.  Unfortunately  these  relations  did  not  always  hold  true. 
In  some  instancies  distinctly  more  casein  was  decotaposed  in  the  pres- 
ence of  dextrose  for  all  the  organisms  and  in  other  instances  distinctly 
less.  Where  room  temperature  ran  high,  the  dextrose  was  com- 
pletely consumed  before  the  end  of  the  experiment.  It  is  therefore, 
impossible  to  confirm  the  work  of  Kendall  and  Walker  (65)  with 
B.  proteus.  but  the  results  of  these  workers  on  ammonification  (BG"^ 
is  confirmed.  Table  III  is  the  average  of  17  separate  tests  in  which 
each  organism  was  run  in  quadruplicate.  In  other  words:  the  figures 
2109.1  at  the  top  of  column  7  is  the  average  milligrams  of  casein  de- 
composed by  B.  subtilis  in  the  absence  of  dextrose  in  68.separat<> 
inoculations.  Nevertheless,  there  was.  in  every  instance,  a  marked 
decomposition  of  casein,  both  in  the  presence  and  in  the  absence  of 
dextrose.  This  would  indicate  marked  bacterial  action.  See  column 
12,  Table  III.     It  should  not  be  considered  phenomenal  that  some 
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bacteria  decompose  more  casein  in  the  absence  of  dextrose  than  they 
do  in  its  presence,  even  though  the  dextrose  was  not  toxic,  but 
distinctly  beneficial  because  in  the  absence  of  dextrose  the  casein  must 
serve  not  only  as  a  source  of  nitrogen  but  also  a  source  of  energy. 
Consequently  when  casein  was  used  alone  and  when  the  demand  for 
both  energy  and  nitrogen  must  be  furnished  by  the  casein,  it  would 
naturally  result  in  an  accelerated  casein  decomposition,  even  tlu)ugh 
the  enzymic  action  which  decomposed  the  casein,  so  as  to  furnish  the 
necessary  energy,  resulted,  at  the  same  time,  in  the  liberation  of  the 
nitrogen  in  an  assimilable  form.  It  is  possible,  as  demonstrated  in 
Table  I,  that  these  organisms  can  utilize  NH,  as  their  sole  source  of 
nitrogen,  and  the  decomposition  of  the  casein  was  as  essential  in  order 
to  obtain  energy  as  it  was  to  obtain  nitrogen.  The  decomposition 
resulted  in  some  of  the  nitrogen  of  the  casein  being  liberated  as 
ammonia  which  was  an  end  product  of  enzymic  action.  The  growing 
bacteria  assimilated  such  'Nllg  as  they  need  for  growth.  The  ammon- 
ia nitrogen  which  was  in  excess  of  the  needs  of  the  bacteria  would 
remain  in  the  medium.  Co;isequently,  when  2019.1  mgm.  are  decom- 
posed by  B.  subtilis,  there  is  left  in  the  medium  43  mgm.  of  NHg  in 
excess  of  the  bacterial  food  requirements.  TJie  ammonia  is  readily 
soluble  and  may  be  assimilated  by  this  organism,  up  to  a  certain 
dilution,  whenever  a  suitable  source  of  energy  is  present.  In  this 
case  the  limit  of  dilution*  with  B.  subtilis  in  the  presence  of  abundant 
energy  was  11.9.  of  NHg  per  400  c.  c.  or  approximately  .0029757^. 
Therefore,  when  dextrose  was  present  B.  subtilis  utilized  sufficient 
dextrose  to  assimilate  all  but  11.9  mgm.  of  NHg.  In  support  of  this 
view  see  Table  IV. 

These  results  may  be  approached  from  another  viewpoint.  In 
the  absence  of  dextrose,  B.  subtilis  decomposed  2109.1  mgm.  of  casein 
and  liberated  43  mgm.  of  NH3.  By  dividing  2109.1  by  43,  w^e  obtain 
49.04  as  a  quotient;  therefore,  within  the  limits  of  this  experiment, 
B.  subtilis  in  the  absence  of  dextrose,  produces  1  mgm.  of  NH,  from 
49.0  mgm.  of  casein.  It  may  be  assumed  that  the  decomposition  of 
^•asein  followed  the  same  lines  of  cleavage  in  the  presence  of  dextrose 
as  it  did  in  the  ^absence  of  dextrose,  because  the  decomposition,  in 
each  instance  was  probably  brought  about  by  the  same  enzymes  other- 
wise there  would  not  be  even  a  small  amount  of  ammonia  in  the 
presence  of  dextrose.  Therefore,  by  the  above  figures,  it  is  possible 
to  calculate  the  milligrams  of  ammonia  that  should  have  been  obtained 
from  the  decomposition  of  casein  in  the  presence  of  dextrose,  if  it  had 
not  been  consumed. 

In  the  presence  of  dextrose,  B.  subtilis  decomposed  1874.1  mgm.  of 
fasein.  According  to  the  above  ratio  of  1  mgm.  of  NH^  to  49.0  mgm.  of 
'•Hsein  there  should  have  been  produced  from  the  1874.1  mgm.  of  casein 
■*^f>.2  mgm.  of  NH3,  whereas  only  11.9  mgm.  were  obtained.  Therefore, 
the  difference  between  the  amount  of  ammonia  present  in  the  dextrose 

•nerlium  and  the  amount  that  should  have  been,  i.  e.   (-49  -  ~~  11.9) 

or  26  mgm.  must  have  been  assimilated  by  the  bacteria.    This  assump- 

'Thc  concentration  wa9  perhaps  less  than   .00297;)'}^   because  with  the  MgO 
iiH'thod  there  was  unquestionably  some  NII3  obtained  from  other  than  ammonia 
I  <^oin  pounds. 
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tion  is  supported  by  the  results  in  columns  11  and  12.  In  column  11 
there  is  shown  with  each  organism  a  distinct  disappearance  of 
dextrose.  The  amount  of  dextrose  decomposed  is  great  enough  to 
show  that  in  some  way  its  disappearance  was  associated  with  the 
development  of  the  bacteria. 

It  is  known  that  these  organisms  need  energy;  therefore,  it  is 
assun^ed  that  the  dextrose  was  used  as  a  source  of  energy  and  the 
casein  was  decomposed  just  fast  enough  to  supply  the  nitrogen.  Am- 
monia nitrogen,  eqivalent  to  the  amount  found  in  the  absence  of  dex- 
trose, may  not  have  reached  the  ammonia  stage,  in  the  presence  of 
dextrose,  but  may  have  been  assimilated  as  amino  acids.  In  either 
case  the  action  of  the  energy  material,  dextrose,  was  to  increase  the 
assimilation  of  nitrogen  by  the  bacteria,  and  to  decrease  the  amount 
of  ammonia  accumulated.  Therefore,  w^hile  dextrose  may  be  said  to 
inhibit  ammonia  accumulation,  it  cannot  be  said  to  inhibit  the  develop- 
ment of  the  ammonifying  bacteria  or  the  consumption  of  pitrogen. 
Column  12  furnished  data  for  the  final  argument  in  favar  of  the  theory 
that  the  presence  of  dextrose  causes  the  assimilation  of  the  nitrogen 
that  would  otherwise  accumulate  as  ammonia.  In  each  instance  a 
*  greater  number  of  bacteria  is  found  with  the  dextrose  than  with 
casein  alone.  Now,  a  greater  number  of  bacteria  will  require  more 
nitrogen  than  a  lesser  number.  Therefore,  the  nitrogen  liberated 
from  the  decomposed  casein  must  have  been  either  assimilated  in  some 
amide  form  or  as  ammonia.  In  either  case,  the  effect  of  dextrose  upon 
ammonification  has  the  same  practical  effect  when  we  consider  the 
free  ammonia  as  potential  plant  food. 

It  will  require  quantitative  results  on  all  transition  products  to 
settle  these  questions.  Quantitative  determinations  conducted  under 
exact  conditions  must  account  for  all  the  nitrogen.  The  work  of 
Kendall  and  Walker  (65)  with  B.  proteus  suggests  that  there  is  need 
of  investigating  the  time  that  it  takes  the  proteoclastic  enzyme  which 
attacks  casein  to  make  its  appearance.  If  it  can  be  shown  that  the 
proteoclastic  enzyme  does  not  make  its  appearance  in  the  medium  until 
after  the  disappearance  of  the  dextrose,  it  will  go  far  to  show  that 
the  need  of  energy  and  not  nitrogen,  is  the  controlling  factor  in 
ammonification. 

Table  IV  contains  the  data  secured  in  one  of  the  tests  on  the  influ- 
ence of  dextrose  on  casein  ammonification  and  is  given  to  show  the  cloj^o 
relation  between  the  calculated  ammonia  assimilated,  see  column  7, 
and  dextrose  actually  consumed  and  also,  the  ammonia  which  accumu- 
lated in  the  dextrose  casein  medium,  see  column  4.  On  eomparin? 
columns  5  and  7,  it  is  apparent  that  for  each  organism  there  is  a  closo 
relation  between  the  dextrose  consumed  and  the  calculated  ammonia 
consumed.  The  more  dextrose  consumed  the  greater  the  calculated 
amount  of  NH,  assimilated.  There  is  also  a  close  relation  between 
the  ammonia  accumulated  and  dextrose  consumed.  However,  there 
seems  to  have  been  the  greater  ammonia  accumulation  where  th»^ 
dextrose  <Jonsumption  was  lowest.  The  data  is  almost  distinctive 
enough  to  say  that  ammonia  accumulation  was  inversely  proportional 
to  dextrose  consumption  and  ** calculated  ammonia"  assimilation  was 
directly   proportional   to   dextrose    consumption.      Such    a    condition 
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TABLE  SHOWING  THE  RELATION  OF  AMMONIA  ACCUMULATED  IN  THE 
PRESENCE  OF  DEXTROSE  AND  AMMONIA  CONSUMPTION 


Organism 

M 

m 

• 

Treatment 

Ammonia 
found  mgm. 

Dextrose 

consumed 

mgm. 

V 
Id 

> 

Calculated 

ammonia 

consumed 

mgm. 

u 

> 
< 

Mgm.  of  casein 
per  Mgm.  of 

B.  subtlUs 

5 
t$ 
7 

8 

Casein    

dextrose     .... 

6.4 

1865 

32. 

41.0 

B.  subtllis     

6,0 

1872 

34 

41.0 

B.  subtUis     

• 

6.8 

1879 

34.5 

41.0 

B.  sabtllis     

6.1 

1891 

1876.7 

37.4 

34.4 

41.0 

B.  proteus    

13 
14 
15 
16 

£ 

12.1 

1920 

13.0 

160.0 

B.  proteus     

13.0 

1900 

12.8 

160.0 

B.  proteus    

12.2 

1935 

13.4 

160.0 

B.  proteus    

13.8 

1915 

1917.5 

13.0 

13.0 

160.0 

B.  mycoldes    

21 
22 
23 
24 

13.6 

1949 

50.5 

29.4 

B.  mycoides    

13.0 

1948 

1    50.0 

29.4 

B.  mycoides    

13.0 

1956 

52.0 

29,4 

B.  mycoides    

13.9 

1940 

1948.2 

50.0 

50.6 

29.4 

B.  megatherium 

29 
30 
31 
32 

11.2 

1870    ^ 

22.1 

96.0 

B.  megatherium 

12.9 

1850 

21.8 

96.0 

B.  megatherium 

13.8 

1855 

1    21.0 

96.0 

B.  megatherium 

13.7 

1850 

1858.2 

20.6 

21.3 

96.0 

B.  vulgatus    

37 
38 
89 
40 
45 
46 
47 
48 

•  ' 

« 

16.9 

1940 

30. 

45.0 

B.  Tulgatus    

17.4 

1900 

33.5 

45.0 

B.  TuIgatus    

16.9 

1942 

29.5 

45.0 

B.  vulgatus    

17.7 

1989  ^ 

1967.7 

31.0 

31. 

45.0 

S.  lutea     « 

9.1       1 

1610 

27.5 

42.0 

S.  lutea    

10.2 

1580 

25.4 

42.0 

S.  lutea    

9.9 

1582 

2S.0      j 

42.0 

S.  lutea     

11.7 

1524 

1524.0   1 

[  "24.4 

r    25.8 

42.0 

The  above  table  is  compiled  from  one  of  the  tests  from  which  Table  III  was  made, 
^ach  of  the  dextrose  determinations  is  an  average  of  duplicate  determinations. 

admirably  fits  the  theory  that  ammonia  is  assimilated  in  the  presence 
of  dextrose.  The  difference  is  so  slight,  however,  that  it  might  be 
due  to  error  of  the  MgO  method  for  ammonia  determination.  The 
only  explanation  that  seetns  adequate  is  that  for  every  gram  of  dex- 
trose consumed  there  was  a  definite  number  of  milligrams  of  ammonia 
nitrogen  assimilated. 

The  milligrams  of  ammonia  assimilated  per  gram  of  dextrose 
consumed  is  shown  in  column  3,  Table  V.  Here  it  will  be  noted  that 
in  the  casein  dextrose  medium  more  ammonia  was  assimilated  per 
gram  of  dextrose  consumed  than  when  dextrose  and  ammonia  sulphate 

TABLE  V.     COMPARATIVB  ASSIMILATION  OP  AMMONIA  FROM  (NH4)2  SO4  IN  THE 

PRESENCE  OP  DEXTROSE  AND  THE  ASSIMILATION  OF  AMMONIA 

FROM  CASEIN  IN  THE  PRESENCE  OF  DETROSE 


Dextrose  and  (Nth):! 

SO4  mgm.  of  NH3 
per  gra.  of  dextrose 

Dextrose  +  casein 
mgm.  of  Nils  per 
ij^ram  dex.  consumed 

a.   subtlUs    

6.6 

54.5 

P.  proteus  

6.5 

147.4 

B.    mycoides    

9.2 

88.5 

B.   mergatherlum    

•MA) 

87.5 

iJ.  valgatns  

:t2.0 

6:^.4 

S.  subtllis   

12.1 

♦U.O 

Complied  from  column  7,  Table  I,  and  columns  6  and  8  Table  IV. 
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were  used.  See  column  2.  A  possible  explanation  of  this  difference 
may  be  due  to  the  fact  that  with  the  casein  dextrose  medium  the 
organism  had  at  its  disposal  both  these  substances  as  a  source  of 
energy  and  building  material  and  could  make  a  more  economical  use 
of  the  energy. 

Coleman's  (10)  work  indicates  that  small  amounts  of  organic 
matter  favor  nitrification.  According  to  Karpinski  and  Niklewsk] 
(11)  small  amounts  of  organic  matter  such  as  is  furnished  by  soil 
extracts,  humates  and  acetates  and  even  peptone  and  sugars  favor 
nitrification  in  mixed  cultures.  It  was,  therefore,  planned  to  test 
the  influence  of  a  small"  amount  of  dextrose  upon  ammonification  of 
casein.  For  this  purpose  media  2-A  was  used  with  increasing  quanti- 
.V  ties  of  dextrose.    The  results  are  shown  .in  Table  VI: 

The  data  in  Table  VI  shows  that  .05%  of  dextrose  increases  the 
ammonification  of  casein  with  B.  subtilis,  B.  proteus  and  B.  vulgatus, 
but  distinctly  depresses  the  accumulation  of  ammonia  with  B.  my- 
coides  and  B.  megatherium  and  Sarcina  lutea.  There  is  distinctly  less 
ammonia  with  .1%  dextrose  in  all  cases  and  even  more  marked 
depression  with  .2%. 

TABLE  VI.     MILLIGRAMS  OF  AMMONIA  PRODUCED  IN  400  G.G.  OF  MEDIA  J-A  AND 
MEDIA  2-A  WITH  INGREASING  QUANTITIESyOF  DEXTROSE,  6  DAY 
INCUBATION  PERIOD  AT  ROOM  TEMPERATURE 


Organism 

Mgm.  NH3 

from  casein 

alone 

Mgm.  NH3 

from  casein 

plus  .05%  D. 

Mgm.  NH3 

from  casein 

plus  .1% 

dextrose 

Mgm.  NH3 

from  casein 

plus  .2r\ 

dextrose 

B.  subtilis     .*. 

39.:i 

56.4 
71.8 
34.1 
38.9 
33.8 

r)2.() 
73.4 
48.6 
27.2 
47.9 
28.0 

* 

36.4 
43.6 
35.2 
2614 
30.6 
24.4 

11  0 

B.  proteus     

B.  mycoides    

B.  metratherlum     

15.9 
17.0 
18.2 

B.  vulgatus     

S. lutea     

20.0 
12.0 

If.  onl3'  B.  mycoides,  B.  megatherium  and  Sarcina  lutea  are  con- 
sidered it  would  appear  as  though  the  dextrose  exerted  a  depressing 
effect.  However,  when  B.  subtilis,  B.  proteus  and  B.  vulgatus  are  con- 
sidered it  appears  that  dextrose  exerted  a  stimulative  effect.  The 
following  explanations  may  throw  some  light  upon  the  action.  Dex- 
trose was  added  in  the  following  amount:  .05%,  .1%  and  .2%.  These 
percentages .  of  400  give  this  quantity  of  media,  respectively,  the 
following  amount  of  dextrose  200  mgm.,  400  mgm.  and  800  mgm.  The 
smallest  amount  of  dextrose  consumed  in  Table  IV  was  1524  mgm. 
and  the  largest  1967  mgm.  Hence,  there  was  sufficient  dextrose 
present  where  .2%  was  used  to  allow  the  consumption  of  large  quanti- 
ties of  NHg. 

The  first  and  most  logical  explanation  that  suggests  itself  is  the 
greater  energy  requirement  of  B.  subtilis,  B.  proteus  and  B.  vulgatus. 
If  these  three  organisms  required  more  energy  to  consume  1  mgm. 
of  ammonia  than  the  three  remaining  organisms,  it  is  conceivable  that 
the  .05%  dextrose  would  be  consumed  earlier  in  the  period  of  in- 
cubation. There  would  be,  therefore,  more  time  for  the  accumulation 
of  ammonia.  As  a  supplement  to  this  idea  we  must*  of  course,  assume 
a  greater  bacterial  development  in  the  presence  of  dextrose  than  with 
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casein  alone.  Unfortunately,  column  7,  Table  I,  does- not  consistently 
support  the  view  of  a  greater  energy  requirement.  As  previously  pointed 
out,  however,  the  evidence  at  hand  does  not  indicate  the  amount  of 
energy  required  by  each  organism.-  On  the  other  hand,  if  it  is  assmued 
that  B.  subtilis,  B.  proteus  and  S.  lutea  can  use  dextrose  as  a  source- of 
energy  more  readily  than  casein,  there  would  be  a  more  rapid  multi- 
plication of  these  bacteria  in  the  presence  of  dextrose  than  in  its 
absence  since  the  excess  ammonia  nitrogen  liberated  from  the  casein, 
and  with  the  dextrose  would  furnish  a  more  suitable  medium  than 
casein  alone.  Under  this  condition  the  ammonia  would  be  constantly 
used  to  the  lowest  limit  of  dilution  and  the  casein  would  be  decom- 
posed under  the  spur  of  nitrogen  need  only*. 

Consequently,  as  long  as  the  dextrose  lasts,  a  condition  exists 
analagous  to  having  two  media.  For  the  sake  of  clearness,  imagine 
that  the  media  are  in  separate  flasks.  Thus  there  would  be  multi- 
plication of  the  bacteria  progressing  in  the  dextrose  ammonium 
medium  and  also  in  the  casein  medium.  If  dextrose  is  not  ^toxic, 
multiplication  of  the  bacteria,  using  casein  as  a  source  of  energy, 
would  proceed  almost  as  rapidly  as  though  dextrose  was  not  present. 
Likewise,  the  bacteria  using  dextrose  as  a  source  of  energy  should  mul- 
tiply as  rapidly  as  if  casein  was  not  present,  providing,  ammonia  is  fur- 
nished rapidly  enough.  If  such  were  the  case,  one  would  expect  to  find  a 
number  of  bacteria  present  in  the  casein  dextrose  medium  approxi- 
mately equal  to  the  sum  of  those  present  in  a  casein  medium  and  a 
dextrose  ammonium  medium,  or  by  making  a  total  count,  one  would 
expect  to  find  present  in  the  dextrose  casein  medium  more  bacteria 
than  ii;i  the  casein  medium.  This  ratio  would  hold  until  the  number 
approached  the  maximum,  as  long  as  there  was  available  dextrose 
present.  When  the  dextrose  was  exhausted,  or  after  it  had  decreased 
in  quantity,  so  that  it  no  longer  furnished  an  adequate,  supply  of 
energy  for  those  bacteria  assimilating  free  NH,,  one  would  expec^ 
to  find  a  much  larger  number  of  bacteria  attacking  the  casein  in  the 
r*asein  dextrose  medium  than  in  the  casein  medium,  providing  of  course 
that  the  bacterial  numbers  had  not  reached  maximum  before  the  ex- 
haustion of  the  dextrose.  If  there  w^as  present  at  the  beginning  only 
a  small  quantity  of  the  dextrose  so  that  it  w^ould  become  exhausted 
early  in  the  period  of  incubation,  one  might  expect  this  greater 
number  of  bacteria  to  ammonify  a  sufficiently  greater  quantity  of 
casein  so  that  the  ammonia  liberated  during  the  experiment,  minus 
that  assimilated  by  the  bacteria,  using  dextrose  as  a  source  of  energy 
would  leave  a  greater  amount  of  ammonia  in  the  casein  dextrose  medi- 
um than  there  would-be  in  the  casein  medium.  Likewise,  one  would 
expect  a  total  count  early  in  the  period  of  incubation  to  show 
a  greater  difference  in  numbers  of  bacteria  present  in  the  dextrose 
casein  medium  than  in  the  casein  medium,  than  one  would  at 
the  end.  On  the*other  hand,  if  B.  mycoides,  B.  megatherium  and 
S.  lutea  can  utilize  casein  as  a  source  of  energy  more  easily  than 
they  can  dextrose,  one  would  expect  to  find  the  decomposition 
of   casein  progress  as  rapid   in  the  presence   of  dextrose   as   in   its 

•Such  a  view  would  conform  to  the  more  exact  experimental  results  secured 
by  Kendall  and  Walker  (65). 
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absence.  In  this  case,  the  dextrose  would  be  utilized  just  fast 
enough  to  furnish  energy  for  the  assimilation  of  the  nitrogen 
that  would  otherwise  remain  in  the  medium  as  ammonia.  The 
ifdextrose  would  serve  to  supplement  the  energy  obtained  from 
the  casein,  thus  balancing  the  energy  nitrogen  ratio  which  in  the 
presence  of  a  suitable  amount  of  the  other  bacterial  nutrients,  would 
result  in  the  available  nitrogen  being  assimilated,  thus  inhibiting 
ammonia  accumulation.  Consequently,  by  the  time  the  dextrose  was 
decomposed,  there  would  not  be  time  enough  or  a  large  enough 
number  of  bacteria  present  to  give  an  impetus  to  ammonification 
sufficient  to  overcome  the  loss  of  ammonia  consumed  in  the  presence 
of  dextrose. 

In  order  to  test  these  views,  experiments  were  run,  using  media 
and  flasks  identical  to  those  used  above.  Counts  were  made  on  the 
2d,  4th  and  6th  days,  along  with  the  ammonia  determinations. 

The  results  in  Table  VII  tend  to  confirm  the  theory  that  the 
stimulative  effect  of  .05%  dextrose  upon  the  ammonification  of  casein 
was  due  to  the  increased  number  of  bacteria  in  the  dextrose  casein 
medium  and  the  consequent  accelerated  decomposition  of  casein  after 
the  dextrose  was  exhausted.  While  there  is  neither  a  wider  difference 
in  the  numbers  of  bacteria  in  the  two  media  at  the  beginning  than 
there  is  at  the  close  nor  such  a  striking  difference  in  stimulative  effect 
upon  B.  mycoides  and  megatherium  as  compared  with  the  four  re- 
maining organisms,  there  is  a  relation  between  dextrose  added,  bac- 
teria present  and  ammonia  accumulated  that  is  striking  enough  to 
allow  ready  interpretation. 

An  examination  of  the  table  will  show  that  increasing  quantities 
of  dextrose  show  increasing  numbers  of  bacteria.  The  rule  holds 
fairly  constant  for  each  of  the  48-96  and  144  hour  periods.  Within 
the  limits  of  the  experiment,  the  greater  the  amount  of  dextrose,  the 
greater  the  increase  in  the  number  of  bacteria. 

If  the  influence  of  dextrose  in  increasing  quantity  upon  the 
ammonia  which  accumulated  is  considered  it  will  be  found  that  this 
evidence  tends  to  confirm  the  theory  that  the  stimulative  effect  of 
.05%  of  dextrose  upon  the  ammonification  of  casein  was  due  to  the 
action  of  the  increased  numbers  of  bacteria  in  the  dextrose  casein 
medium  after  the  dextrose  was  exhausted.  A  comparison  of  column 
2  with  columns  4,  6  and  8  will  show  that  .05%,  .1%  and  .2%  of  dextrose 
decreased  the  amount  of  ammonia  which  had  accumulated  in  the 
media  in  48  hours.  It  will  likewise  show  that  the  amount  of  ammonia 
in  the  medium  was  practically  constant  for  each, organism,  regardless 
of  the  amount  of  dextrose  added.  Theoretically,  there  should  have 
been  less  ammonia  in  the  presence  of  .1%  dextrose  than  with  .05% 
dextrose  and  less  with  .2%  than  with  .1%  because  of  the  hijrVt^ 
bacterial  count.  Perhaps  more  accurate  method  of  determining  am- 
monia might  give  this  result. 

The  explanation  for  the  fairly  uniform  quantity  of  ammonia  in 
the  presence  of  varying  quantities  of  dextrose  is  that  after  48  hours 
there  was  still  left  sufficient  dextrose  from  the  .05%,  as  well  as  the 
.1%  and  .2%,  so  that  the  equilibrium  between  the  ammonia  formed 
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by  the  decomposition  of  the  casein  and  that  assimilated  by  the  bac- 
teria, using  dextrose  as  a  source  of  energy,  was  maintained  at  nearly 
the  above  concentration. 

TABLE  VII.     THE  INFLUENCE  OF  TIME  UPON    THE   EFFECT  OF   INCREASING    QUAN- 
TITIES OF  DEXTROSE  UPON  THE  AMMONIPICATION  OF  CASEIN  AND 
THE  INCREASE  IN  THE  NUMBER  OF  BACTERIA 


4s   irorn   incubation 


c. 


C.  +  . 05  7c  D. 


Organism 


Mgm. 
Nil, 


M.  B. 


Mgiji. 

NII.T 


M.  B. 


C.  +  .l'/o  D. 


Mgm. 
NH., 


M.  B. 


C.-l-.2%  D. 


Mgm. 
NHa 


M.  B. 


H.  .«*ubtlUs     

B.  protcus     

B.  mj'coldes    — 
B.  megatherium 
B.  TulgatuH     .... 
S.  lutea     


15.7 

2.9 

l.t. 

4.6 

12.0 

4.9 

13.2 

13.8 

ri.l 

iO.9 

rt.O 

ll.S 

6.S 

10.9 

22.6 

4.7 

14.8 

4.4 

13.9 

3.8 

14.0 

14.7 

9.2 

14.0 

11.6 

13.8 

11.6 

13.0 

20. 

11.4 

16.0 

10.2 

15.7 

16.0 

15.8 

12.9 

1.9 

11.2 

.2.0 

11.9 

2.8 

10.8 

4.0 
6.9 
4.8 
12.4 
17.5 
3.1 


96    HOUR    1NCUB.\TI0N 


B.  subtllls     

B.  proteus     

B.  mycoides  .... 
B.  megatherium 
B.  vulgatus  .... 
S.  lutea     


25.1 

11.4 

20.0 

22.8 

15.9 

20.2 

21.1 

22.0 

39.2 

13.7 

64.0 

25.9 

20.1 

32.1 

14.4 

21.0 

32.7 

25.0 

49.9 

2.9 

27.9 

30.0 

26.0 

08.8 

24.2 

22.4 

5.9 

10.2 

7.6 

11.9 

30.9 
48.3 
33.0 
42.0 
70.0 
6.11 


13.0 
15.0 
15.0 
12.0 
20.0 
12.0 


33.0 
50.1 
37.0 
48.0 
60.1 
7.4 


144    HOUR    INCUBATION 


B.  subtilis     I  49.5 

B.  proteus     30.3 

B.  mycoides     '  69.0 

B.  megatherium      ..  i  36.2 

B.  vulgatus     I  33.7 

S.  lutea !  26.1 


49.0 

55.0 

54.7 

48.7 

80.6 

32. 

80.1 

30.1 

63.2 

60. 

65.9 

52. 

70.0 

29. 

7S.1 

27.4 

82.0 

44.4 

97.7 

30.3 

7.9 

20. 

19.0 

11.3 

54.3 

89.1 

66.7 

77. 

99.8 

10.7 


17.0 
15.7 
11.9 
19.0 
27.0 
11.0 


59.0 
92.2 
66.1 
78.1 
131.1 
8.9 

C+Vcl) 


The    columns    h<»ado(l    C.  ropivs<'nt    ousoln    alono.       The    columns     hcadod 
r»*present   casein    +    dextrose 

The   Rub    columns    headed  Mgm.  Nil-    rcpro.sent    thf»  inilll;rrains    of    ammonia. 

The  sub   columns   headed  M.   B.   n-presi'iit   mlllionH  of    bacteria    per   c.c. 

Turning  now  to  the  96  hour  analysis,  it  is  evident  in  every  in- 
stance excepting  Sarcina  lutea  that  the  depressing  effect  of  .Oiy'/t  of 
dextrose  upon  ammonia  accumulation  has  lessened  markedly.  In  some 
instances  it  appears  as  though  the  effect  of  .1%  dextrose  is  less 
effective  than  at  48  hours,  although  it  is  not  decisive  enough  to  be 
.sure,  particularly  when  one  considers  the  effect  of  .2%  dextrose  which 
runs  very  similar  to  .1%. 

If  one  now  considers  the  144  hour  period,  it  will  be  observed  that 
the  depressing  effect  of  .Oo^c  of  dextrose  upon  ammonia  accumulation 
has  given  place  to  a  stimulative  effect  upon  ammonia  accumulation, 
coincident  with  the  stimulative  effect  as  noted  in  Table  VL  There  is, 
however,  a  difference  between  the  two  tables  in  the  results  of  Sarcina 
lutea.    In  Table  VII,  M^/<  dextrose  at  144  hours  still  seems  to  retard 
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ammonia  accumulation  with  Sarcina  lutea.  A  a  examination  of  the 
results  recorded  on  Sarcina  lutea  will  show  thrvjughout  the  course  of 
the  experiments  that  this  organism  grows  gather  erratically  in  the 
media  employed  here,  thus  indicating  by  its  erratic  growths  and  low 
counts  that  it  handles  casein  with  difficulty.  On  the  other  hand,  it 
may  be  noted  that  B.  subtilis,  B.  proteus  and  B.  vulgatus  shows  the 
distinct  stimulative  effect  of  .05%  dextrose,  while  B.  mycoides  and 
B.  megatherium  still  shows  the  depressing  effect  of  the  .05%  dextrose 
as  well  as  with  .1%  and  .2%.     Therefore,  within  the  limits  of  the  i 

experiment,  a  small  quantity  of  dextrose  first  depresses  and  later  stimu-  I 

lates  ammonia  accumulation  from  casein  decomposition  by  B.  subtilis,  i 

B.  proteus  and  B.  vulgatus.  The  depression  of  ammonia  accumulatiou 
with  these  organisms  is  probably  due  to  the  fact  that  as  long  as  dex- 
trose is  available,  they  assimilate  the  ammonia  liberated  from  the 
casein.  On  the  other  hand,  when  the  dextrose  is  exhausted  early 
in  the  incubation  period,  there  is  a  greater  number  of  bacteria  present 
to  decompose  the  casein  than  there  is  in  the  casein  medium.  Conse- 
quently, there  is  a  more  rapid  decomposition  of  casein  with  a  more  rapid 
accumulation  of  ammonia,  so  that  with  a  aix  day  period,  the  .05% 
dextrose  casein  medium  contains  more  ammonia  than  the  casein 
medium.  Likewise,  where  the  amount  of  dextrose  added  does  not 
disappear  until  late  in  the  incubation  period,  there  is  not  sufficient 
time  for  the  greater  number  of  bacteria  to  liberate  sufficient  ammonia 
to  more  th^n  make  up  for  the  amount  of ,  ammonia  assimilated. 
Therefore,  it  will  be  seen  that  the  marked  depressimg  effect  of  .1% 
dextrose  at  48  and  96  hours  has  not  entirely  been  overcome  at  144 
hours.  Whether  it  would  be  overcome  by  a  little  more  time  must 
remain  for  future  determination.  By  proving  that  the  acceleration 
of  ammonifieation  of  casein  in  the  presence  of  .Oo^r  dextrose  is  dre  to 
an  increase  in  the  number  of  bacteria,  we  have  virtually  added  ain- 
other  proof  of  ammonia  assimilation  as  the  chief  factor  in  depression 
of  ammonifieation  in  the  presence  of  dextrose. 

The  data  presented  in  Table  VTI  confirms  the  results  of  Lipman 
and  associates,  (Bui.  247,  New  Jersey  Station,  page  8).  In  the  work 
of  these  investigators,  it  will  be  noted  that  the  amount  of  ammonia 
liberated  from  dried  blood  alone  at  the  end  of  five  days,  and  that 
from  dried  blood  and  .5  gram  dextrose  was  respectively  17.17  mgm. 
15.26  mgm.  at  6  days  it  was  82.53  and  30.80  respectively,  at  7  days 
it  was  44.07  and  37.25,  while  at  8  days  it  was  46.02  and  47.53  and  on 
the  ninth  day  it  was  42.44  and  46.89.  If  .5  gram  of  dextrose  did  not 
increase  the  ammonifieation  of  dried  blood  in  this  instance,  it,  at  leasts 
did  not  depress  it. 

The  concluding  statement  by  the  authors  in  discussing  these  re- 
sults is  as  follows.  ^*Here,  as  in  series  2,  the  dextrose  either  has  a  de- 
pressing effect  upon  the  yield  of  ammonia  nitrogen,  or  its  presence  fav- 
ors the  development  of  those  organisms  Avhich  nse  ammonia;  the  latter 
view  is  more  probable.  It  may  be  pointed  out  that  while  dextrose 
and  other  carbohydrates  do  seem  to  have  a  depressing  effect  on 
ammonifieation,  still  a  point  is  finally  reached  beyond  which  depres- 
sion is  not  great,  that  is:  with  relatively  large  amounts  of  dried  blood, 
the  depression  is  comparatively  small." 
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THEORETICAL  CONSIDERATION* 


The  data  presented  in  Table  I  indicates  with  a  fair  degree  of 
certainty  that  the  six  ammonifying  organisms  used  in  these  experi- 
ments are  able  to  assimilate  ammonia  when  dextrose  is  present.  This 
view  is  confirmed  by  the  data  presented  in  Tables  III,  IV  and  VII. 
The  ability  to  assimilate  ammonia  in  the  presence  of  dextrose  is  per- 
haps the  principal  reason  for  the  ''* depressing  influence''  of  dextrose 
upon  ammonification.  This  suggests:  (Ist),  a  more  concise  definition 
of  the  term  ''ammonification'*;  (2nd),  a  closer  scrutiny  of  our 
methods  of  investigating  ammonification  in  particular  and  physiolog- 
ical methods  in  general:  (3rd),  readjustment  of  the  views  of  *' benefi- 
cial" and  ''detrimental"  soil  saprophytes;  (4rth),  the  relation  of  the 
numbers  of  these  beneficial  bacteria  to  soluble  plant  food  and  soil 
fertility;  (5th)  the  influence  and  relation  of  the  ''beneficial"  bacteria 
to  manilres  and  fertilizers  in  and  out  of  the  soil;  and  (6th)  a  deeper 
seated,  more  fundamental  problem,  namely:  the  relation  of  energy 
supply  to  bacterial  activity  and  the  suitable  adjustment  of  the  energy 
supply  for  maximum  available  plant  food  production.  If  it  is  proven 
that  these  bacteria,  long  regarded  as  essential  factors  in  the  pro- 
duction of  available  nitrogen,  may,  with  certain  proportion  of  energy 
to  nitrogen,  become  the  consumers  of  that  nitrogen  which  would 
otherwise  be  transformed  to  available  plant  food,  and  if  it  is  shown 
that  the  energy  supply  is  the  limiting  constituent  of  bacterial  food, 
at  least  in  many  soils,  tl^en  it  is  a  problem  of  fundamental  importance, 
the  solution  of  which  will  yield  important,  practical  results. 

A  study  of  the  literature  on  ammonification  reveals  a  striking 
indefiniteness  in  the  use  of  the  term.  It  would  probably  be  fair  to 
say  that  the  use  of  the  word  ''ammonification"  as  found  in  liter- 
ature, is  applied  to  the  biochemical  decomposition  of  nitrogenous 
matter  that  results  in  the  nitrogen  of  the  organic  matter  being  liber- 
ated as  ammonia.  This  carries  with  it  the  assumption  that  the 
nitrogen  liberated  may  be  obtained  and  measured  by  proper  distilla- 
tion for  ammonium  compounds.  Likewise  the  impression  left  is  that 
the  ammonia  thus  liberated  cannot  be  used  by  the  ammonifying 
organisms.  In  other  words,  the  ammonia  from  ammonification  is  an 
end  product  of  the  transformation  requisite  for  the  development  of  an 
organism,  and,  as  far  as  the  causative  organism  is  co/icerned,  will 
reyiain  in  the  medium  as  ammonia,  although  it*  may  be  removed  by 
other  organisms.  A  further  scrutiny  of  the  subject  of  ammonification 
will  reveal  two  factors  that  miist  be  considered  in  defining  ammonifi- 
cation. First:  the  act  of  liberating  ammonia;  second,  the  ammonia  that 
accumulates  within  the  medium  and  remains  unchanged  .until  de- 
termined. Are  the  two  equal  to  each  other  when  only  ammonifying 
organisms  are  present?  Literature  upon  the  subject  would  indicate 
that  the  ammonia  liberated,  i.  e.,  ammonification  has  always  been 
measured  by  the  amount  which  accumulates  within  the  medium.  In 
other  words:  if  one  accepts  the  definition  that  ammonification  is  the 
biochemical  liberation  of  ammonia,  and  persist  in  measuring  it  by 

•In  taking  up  the  theoretical  discussion,  the  writer  assumes  other  chemical 
and  physical  factors  are  favorable  for  the  microorganisms  development  and  an 
absence  of  any  inhibitive  agent. 
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the  amount  which  accumulates  within  the  medium,  then  one  must 
determine  whether  the  real  and  apparent  ammonification  are  equal. 
If  such  is  not  the  case,  one  must  learn  to  measure  those  factors  which 
cause  a  difference  between  the  real  and  apparent  ammonifying  power. 

One  is  now  in  a  position  to  note  whether  the  preceding  data  is 
in  agreement  with  these  views  on  ammonification. 

In  Table  I  it  was  observed  that  the  six  bacteria  used  in  these 
experimlbnts  were  able  to  assimilate  ammonia  in  the  presence  of  a 
suitable  source  of  energy.  These  organisms  are  well  known  ammoni- 
fying bacteria.  This  fact  strikes  i^nmediately  at  one  of  the  theoretical 
factors  of  ammonification.  If  these  organisms  can  assimilate  as  well 
as  liberate  ammonia,  is  there  any  proof  that  all  the  nitrogen  from 
some  or  all  ammonifiable  materials  may  not  have  been  liberated  as 
ammonia.  The  bacteria  then  assimilate  sufficient  to  balance  the  limit- 
ing factor  in  the  bacterial  ration. 

The  ammonia  in  excess  of  the  organism's  requirements  may 
accumulate  within  the  medium  as  the  decomposition  of  the  nitro- 
genous matter  proceeds.  The  limiting  bacterial  food  factor,  in  most 
instances,  is  probably  the  energy  material.  Under  such  conditions 
as  were  present  in  Tables  II,  III,  VI  and  VII,  where  casein  was  the 
only  organic  matter  present,  may  not  the  milligrams  of  ammonia 
given  in  those  tables  represent  only  part  of  the  nitrogen  liberated  as 
ammonia  by  the  respective  organisms?  This  is  not  far  fetched  but 
based  upon  the  results  obtained  with  synthetic  media  containing 
nitrogen  as  ammonia  only,  and  the  results  with  ammonification  of 
casein  in  the  presence  of  dextrose.  In  the  first  instance,  each  of  these 
organisms  consumed  ammonia.  In  the  second  instance,  some  of  the 
ammonia  liberated  from  the  casein  was  apparently  consumed  by  the 
organisms  which  liberated  it,  because  there  was  present  excess  energy. 
What  is  more  reasonable  than  to  assume  that  under  some  conditions 
the  decompositions  of  nitrogenous  organic  matter  that  results  in  the 
liberation  of  ammonia  is  brought  about  through  the  efforts  of  the 
organism  to  obtain  energy?  The  natural  conclusion  is  that  the  organ- 
ism assimilates  sufficient  ammonia  to  balance  the  energy  or  some 
limiting  nutrient  element,  leaving  the  remaining  ammonia  to  accumu- 
ate  within  the  medium. 

It  becomes  apparent  that  an  increase  in  the  proportion  of  energy 
over  nitrogen*  should  result  in  a  decrease  in  the  amount  of  ammonia 
left  in  the  medium.  A  marked  difference  also  exists  between  the  •real 
and  apparent  ammonifying  power.  Up  to  a  certain  degree,  it  becomes 
more  diverged  as  the  proportion  of  energy  to  nitrogen  increases. 
Such,  for  example,  as  the  ammonification  of  casein  in  Tables  U,  HI, 
VI,  and-  VII  where  dextrose  was  added. 

For  the  sake  of  illustration,  the  difference  between  the  real  and 
apparent  ammonifying  powers  of  the  strongest  and  weakest  ammoni- 
fier  shown  in  Table  II  may  be  used.  B.  niycoides  liberated  72.8  mgm. 
of  ammonia  with  casein  and  3.6  where  casein  was  used  with  dextrose, 
a  decrease  in  its  ammonifj'ing  power  of  959?'.  B.  proteus  acting  on 
casein  alone  had  an  ammonifying  power  of  15.2  mgm.     With  casein 

*Assumiii^  that  all  other  necessary  food  constituents  are  present  in  suffi- 
cient quantity. 
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and  dextrose,  its  ammon^ying  power  was  3.6  mgm.  a  decrease  of 
76.%  in  ammonifying  power.  It  is,  therefore,  apparent  that  the 
difference  between  the  real  and  apparent  ammonifying  power  may 
be  considerable,  and  will  vary  with  the  composition  of  the  ammonifi- 
able  substance  even  in  the  absence  of  dextrose  as  illustrated  in  Table 

vm. 

According  to  the  present  view  of  plant  nutrition,  either  ammonia 
or  nitrate  nitrogen  may  serve  as  plant  food.  In  many  instances,  at 
least,  the  ammonia  may  either  be  assimilated  direct  or  oxidized  to 
nitrates.  Consequently,  the  great  desideratum  in  the  decomposition 
of  organic  matter  within  a  soil,  appears  to  be  not  necessarily  just 
the  liberation  of  ammonia^  but  actually  the  accumulation  of  ammonia 
so  that  it  may  serve  as  plant  food  direct,  or  for  oxidation  to  nitrates. 
The  mere  liberation  of  ammonia  and  its  subsequent  transformation 
to  protein  cell  substances,  either  by  the  ammonifying  organism  or  by 
other  microorganisms,  has  no  immediate  value*  as  far  as  determining 
the  ammonifying  power  is  concerned,  and  should  not  be  considered 
in  defining  ammonification.  Therefore  ammonification  should  be 
defined  as  that  process  in  which  the  nitrogen;  of  the  organic  matter, 
that  is  in  excess  of  the  energy-nitrogen  ratio  of  the  ammonifying 
organism,  is  Ulcerated  as  ammonia. 

In  order  to  clear  the  ground  for  future  discussion  on  energy 
relations,  one  more  view  of  ammonification  as  a  natural  phenomena 
will  be  considered.  It  will  be  recalled  that  the  casein  and  casein 
dextrose  were  dissolved  in  a  nutrient  solution  containing  definite 
quantities  of  known  compounds.  These  known  compounds  were, 
with  certain  exceptions,  necessary  for  bacterial  growth.  Quantitative 
tests  were  made  for  phosphorous,  magnesium  and  iron,  at  the  end  of 
the  trials  recorded  in  Tables  II,  III,  VI  and  VII  and  show  distinctly 
that  there  were  more  of  these  constituents  unconsumed  in  the 
absence  of  dextrose  than  there  were  in  the  presence  of  dextrose. 
Furthermore,  the  amount  of  these  constituents  consumed  were 
closely  proportional  to  the  amount  of  ammonia  and  dextrose 
oonsuined.  There  was,  in  every  instances,  less  than  ^0^/f  of 
the  mineral  constituents  consumed.  Therefore,  in  the  presence 
of  .29r  or  more  of  dextrose,  nitrogen  was  the  limiting  bacterial 
food  element.  Limiting  because,  as  previously  pointed  out,  it 
was  assmililated  until  the  dilution  was  so  great  the  bacteria 
could  not  obtain  it  fast  enough  to  sustain  the  rate  of  growth. 
The  rate  of  liberation  and  assimilation  had  reached  an  equilibrium, 
and  in  the  presence  of  abundant  energy  material  and  nutrient  con- 
stituents, the  concentration  of  ammonia  was  held  to  the  minimum 
concentration  usable^  by  the  bacteria  under  these  conditions.  There- 
fore, if  ammonification  brings  about  the  liberation  of  the  ammonia 
that  is  in  excess  of  the  energy-nitrogen  ratio  and  that  it  results  in 
the  accumulation  of  the  excess  ammonia  within  a  medium,  then  it  is 
possible  to  understand  and  explain  the  phenomena  of  ammonification. 

*The  liberation  and  assimilation  of  ammonia    does  have  a  value   in   soil   fer- 
tility, is  pointed  out  on  page  382. 

tit  is  not  meant  to  imply  that  these  bacteria  cannot  utilize  slowly  a  con- 
centration of  ammonia  below  the  lowest  amount  recorded  in  these  experiments. 
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TABLE  VIII.     RELATIVE  AMMONIFICATION  OP    EGG    ALBUMEN    AT    ROOM    TEMPER- 
ATURE COMPARED  WITH  THE  AMMONIFICATION  OF  CASEIN 


Name    of    organism 


Mgm.  of  NH, 
liberated 


Kclative  ammonify 
ing  power  with 
egg  albumen 


Relative  ammonify- 
ing power  witij 
casein.  Table  II. 


B.  subtllis     

25.8 

5 

:i 

B.  proteus     

55.5 

2 

G 

B.  mvcoides      

76.0 

1 

1 

B.  megatherium     .... 

2:i.l 

« 

5 

B.  vulgatus     

1 

4y.7 

:{ 

4 

S.  lutea     

1 

37.9 

4 

2 

AmmouifiQation  is  due  to  an  unbalanced  bacterial  medium^  in  which 
the  nitrogen  of  the  decomposing  organic  matter  is  in  excess  of  the 
nitrogen  requirements  of  the  microorganism.  Consequently,  any 
organism  which  can  decompose  a  nitrogenous  substance,  as  far  as  the 
ammonia  stage,  will  be  an  ammonifying  organism  if  the  nitrogen 
in  the  organic  matter  is  in  excess  of  the  nitrogen  requirements  of 
the  organism.  And  as  a  corollary  to  the  above,  if  it  is  assumed  that 
the  relation  of  the  other  available  plant  food  constituents  have  a 
relation  to  energy,  similar  to  nitrogen,  then  as  long  as  the  readily 
forming  energy  material  is  in  excess  of  the  required  ratio  of  energy 
to  nutrients  for  any  given  soil'  flora,  there  will  be  an  accumulation 
of  available  plant  food  near  the  minimum  concentration  required 
to  sustain  bacterial  life.  In  most  instances  but  one  element  will  be 
present  in  small  enough  quantity  to  be  held  near  the  limit  of  concen- 
tration and  plants  will  suffer  by  competition  with  microorganisms 
for  the  available  plant  food.  The  limiting  elements,  in  order  of  their 
importance  are  probably  nitrogen,  phosphorous,  potassium.  When 
the  energy  material  is  below  the  ratio  of  energy  to  nutrients  required 
for  the  soil's  flora,  there  will  be  an  accumulation  of  available  plant 
food.  Competition  between  plants  and  microorganisms  will  be  nil, 
or  at  a  minimum,  and  the  decay  microorganisms  will  exhibit  only  their 
** beneficial"  attributes.  However,  according  to  the  law  of  physics 
that  the  accomplishment  of  work  requires  an  equivalent  of  energy  for 
each  unit  of  work  performed,  one  would  expect  to  find  a  gradual 
cessation  of  the  activities  of  microorganisms  if  the  energy  material 
approaches  exhaustion.  Consequently  it  is  to  be  expected  that  future 
investigations  may  reveal  a  proportion  of  energy  to  nutrients  below 
which  the  accumulation  (21)  of  available  plant  food  will  be  retarded 
and  finally  practically  cease. 

This  theory  of  ammonification  may  be  illustrated  by  the  hypo- 
thetical ammonification  of  amino-acetic  acid.  In  the  presence  of 
suitable  oxidizing  agents,  amino-acetic  acid  may  be  oxidized  to  CO^, 
HgO  and  NOg.  The  heat  of  combustion  is  210  calories.  Assuming 
for  the  sake  of  illustration  that  no  carbon  for  building  of  cell  sub- 
stance is  necessary,  and  that  an  oxidation  of  a  gram  molecu'e  of 
amino-acetic  acid  to  COj,  HgO  and  NHg  may  be  brought  about  by  an 
organism  whose  energy  ratio  to  ammonia  is  equivalent  to  210  calories 
of  heat  to  17  grams  of  NH,,  nitrogen.  In  round  numbers  the  energy 
ratio  to  NHj  expressed  as  calories  to  grams  would  be  12  to  1. 
Theoretically,  there  would,  under  this  condition,  be  complete  oxida- 
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tion  of  the  amino-acetic  acid  and  a  complete  assimilation  of  NH3. 
The  reaction  may  be  expressed  as  follows : 

(1)  75  gm.   CH2  NBU  CX)0'H   -f-   oxidizing  enzvme   +   48  gm.O   =   88  gm. 
CO2  +  18  gm.  H2O  +  17  gni.  NH3  -|-  210  calories  and 

(2)  210  cal.  -f-  17  gm.  NH3  -f  other  nutrients  =  x  bacteria. 

In  this  instance  there  would  be  no  ammonilScation  because  the 
energy  nitrogen  ratio  was  balanced.  If  the  energy  nitrogen  ratio 
of  the  organism  was  24  to  1,  we  might  expect  thoretically  the  res!ilts 
expressed  in  the  following  equation : 

(1)  150  gm.  CH2  NHo  COOH  -f  oxidizing  enzyme  +  96  gm.  O  =  170  gm. 
CO2  -f  36  gm.  H2O  -f-  34  gm.  NH;,  -\-  420  calories,  and 

(2)  420  calories  -h  34  gm.  NII3  +  other  nutrients  =  x  Bacteria  -f-  17  gm. 
NH3   in   excess. 

In  this  instance  the  ammonification  is  represented  by  17  grams 
of  ammonia  in  excess*  of  the  energy  nitrogen  ratio  of  the  organism. 

Again  a  complete  decomposition  of  a  nitrogenous  compound  with 
twice  the  amount  of  potential  energy  as  amino-acetic,  but  the  same 
amount  of  nitrogen  would  not  result  in  ammonification  in  either 
instance^  but  in  the  first  instance  there  would  be  opportunity  for  the 
assimilation  of  ammonia  from  other  sources. 

It  is  possible  that  we  have  here  one  of  the  factors  that  influence  the 
so-called  '* physiological  efficiency'*  of  bacteria.  In  the  presence  of 
a  source  of  energy  suitable  to  the  organism,  the  most  efficient  ammoni- 
fying** bacteria  become  relatively  inefficient.  If  one  observes  the 
relative  number  of  bacteria  and  their  ammonifying  powers  on  casein 
and  again  on  casein  in  the  presence  of  dextrose  as  in  Tables  III  and 
VII  there  may  be  seen  one  of  the  reasons  why  the  ammonifying  power 
of  a  soil  may  be  low  while  its  bacterial  numbers  are  high  and  vice 
versa. 

Turning  to  the  methods  employed  for  determining  the  ammonify- 
ing power  of  soils,  it  may  be  expected,  as  shown  in  Tables  II,  III, 
VI  and  VII  that  a  soil  with  a  high  available  energy  content***  of 
organic  matter  will  be  low  in  ammonifying  power. 

*If  mieroorganisms  responds  to  excess  nitrogen  in  a  manner  similar  to 
oats  one  might  expect  to  fiu,d  a  high  percentage  of  nitrogen  in  the  bacterial 
cell   where  nitrogen  was  greatly  in   excess  of  the   energy-nitrogen  ratio. 

•*"Uupublifihed  notes  on  synthetic  media  (70)  show  that  assimilation  of 
ammonia  is  possible  with  practically  every  ammonifying  bacteria  tried. 

***It  would  be  misleading  to  say  that  soils  with  a  high  proportion  of 
carbohj'-drates  to  nitrogen  would  have  a  low  ammonifying  power  since  my  un- 
published note  on  synthetic  media,  as  well  as  numerous  references  show  that 
other  compounds  than  carbohydrates  serve  as  a  source  of  energy.  Neither 
would  it  be  correct  to  say  the  ** carbon  nitrogen  ratio"  because  some  soils 
with  a  high  ratio  of  carbon  to  nitrogen  are  strong  ammonifying  soils  and 
vice  versa.  Again,  there  are  numerous  soil  compounds  whose  decomposition  is 
so  difficult  that  microorganisms  find  difficulty  in  obtaining  energy  by  oxidation. 
These  compounds  may  be  illustrated  by  the  saturated  hydrocarbons  and 
aromatic  hydrocarbons.  Such  compounds  form  but  a  small  percentage  of  or- 
ganic matter  but  tend  to  accumulate  within  a  soil  until  their  slow  disappear- 
ance just  balances  their  accretions.  Hence,  a  soil  which  for  some  time  has 
'  received  no  addition  of  available  energy  may  have  a  carbon  nitrogen  ratio 
similar  to  a  strong  ammonifying  soil. 
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Unfortunately,  enough  is  not  known  about  the  energy  require- 
ments of  ammonifying  bacteria  to  be  able  to  detect  by  analysis  the 
energy  constituents  of  such  soils.  Nevertheless,  by  adding  substances 
such  as  dextrose,  it  may  be  dem'onstrated  that  such  is  the  case.  See 
page  (388).  However,  our  purpose  is  to  discuss  the  preceding  data  in 
relation  to  methods  of  determining  the  ammonifying  power  of  soils. 

At  first  it  would  appear  th'at  only  under  experimental  condition 
could  the  energy,  equivalent  of  the  amount  of  dextrose  used  in  these 
experiments,  occur  in  soils.  Such  is  not  the  case.  In  Table  VI  it 
may  be  noted  that  .2%  dextrose  caused  a  marked  disappearance  of 
ammonia.  The  dextrose  content  was  .2%  of  a  liquid  culture.  Now, 
if  the  average  acre  foot  of  soil  weighs  3,000,000  pounds  and  has  a  water 

content  of  25%,  it  will  require  .2%  of  25%  of     ^^    pounds  or 

750'"  pounds  of  dextrose,  or  its  energy  equivalent  to  cause  a  like 
decrease  of  ammonia  in  a  soil  -plowed  six  inches  deep.  Earlier  test 
with  casein  and  dextrose  in  sand,  with  pure  cultures  of  bacteria, 
showed  an  even  more  marked  decrease  than  in  liquid  media,  in  the 
presence  of  dextrose.  Therefore,  there  need  not  be  assumed  to  be 
a  difference  in  the  soil  and  solution.  However,  the  .2%  of  dextrose 
in  sand  cultures  began  to  lose  its  effect  on  the  fourth  day.  Con- 
sequently one  might  expect  to  find  a  more  rapid  disappearance  of 
the  dextrose  from  a  soil.  Now,  the  stubble  and  roots  of  cereal  crops 
added  to  a  soil  will  frequently  approximate  this  amount  of  energy 
in  terras  of  dextrose.  The  same  is  true  of  green  manures.  Since  in 
air  dry  materials,  the  nitrogen  free  portion  of  these  substances  range 
from  80  to  90%,  one  might  expect  some  influence  upon  the  ammoni- 
fying power  of  the  soils,  providing  the  cellulose  of  these  materials 
may  serve  as  a  source  of  energy.  On  this  point  see  page  (389).  As 
these  substances  do  serve  as  a  source  of  energy  and  as  they  are  more 
complex  aud  more  difficult  of  decomposition.  There  may  be  expected 
not  only  a  decrease  in  ammonifying  power  but  also  a  longer  continued 
decreasing  effect.  See  page  (389).  If  a  soil's  ammonifying  power 
is  tested  for  a  certain  period  after  having  plpwed  under  considerable 
organic  matter,  jthere  will  be  found  a  distinct  depression  of  ammonifi- 
cation  provided  the  organic  matter  in  the  sample  is  not  removed. 
If  an  aliquot  portion  of  organic  matter  is  not  obtained  there  will 
not  be  secured  a  fair  index  of  the  ammonifving  power. 

This  helps  to  explain  why  such  marked^ifferences  are  frequently 
found  in  checks  in  determining  the  ammonifying  power  of  soils.  One 
of  the  samples  may  have  considerable  more  active  organic  matter 
present  than  the  other.  This  also  helps  to  explain  the  decreasing 
ammonifying  power  of  soils  after  plowing,  followed  a  few  weeks  later 
by  an  increase  in  ammonifying  power.  It  may  likewise  be  expected 
that  a  lessening  of  the  ammonifying  powers  of  a  soil  will  take  place 
after  the  application  of  large  quantities  of  strawy  manure. 

There  may  now  be  taken  up  for  consideration  the  relation  of 
energy  supply  to  bacterial  activities  and  the  relation  of  these 
physiological,  activities  to  available  plant  food,  these  features  can  be 
pointed  out  in  a  concrete  way  by  referring  to  the  results  in  Table  VII. 
It  was  for  this  purpose  of  studying  the  relation  of  bacterial  activities 
to   available  plant  food   that  the  six  test  organisms  used   in   these 
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experiments  were  selected.  If  it  could  be  shown  that  well  known  am- 
monifying bacteria  under  suitable  energy  conditions  would  assimilate 
a  high  percentage  of  the  ammonia  producec^  by  them,  there  would  be  a 
deeper  signifiance  attached  than  if  it  was  proven  that  other  organisms 
not  so  important  in  our  theories  of  soil  metabolism  would  assimilate 
ammonia  nitrogen,  since  it  has  long  been  known  that  certain  (so 
called  detrimental)  bacteria  and  molds  assimilate  ammonia  and  nitrate 
nftrogen,  and  under  suitable  conditions  seriously  compete  with  crops 
for  the  available  nitrogen.  Likewise  too,  reasoning  by  analogy, 
other  plant  food  elements  are  probably  assimilated  in  appreciable 
amounts  by  these  same  *' beneficial"  bacteria.  If  such  a  relation 
of  energy  to  bacterial  food  ever  obtains  within  a  soil,  the  terms 
** beneficial' '  and  '* detrimental"  bacteria  would  lose  significance, 
and  force  the  use  of  a  more  exact  statement  of  the  functions  of 
these  organisms. 

It  will  be  observed  that  in  the  media  employed  in  these  experi- 
ments, all  the  compounds  used,  excepting  casein  and  dextrose,  are 
known  available  forms  of  food  for  domestic  plants.  f.t  ammonia  is 
substituted  for  the  casein,  available  plant  food  is  identical  to  bac- 
terial food  with  the  exception  of  dextrose  which  may  be  utilized 
(60  and  61)  by  plants,  but  is  not  necessary  for  their  growth.  There- 
fore, aside  from  the  energy  requirements  of  the  higher  plants  and 
microorganisms,  their  food  elements  are,  in  general,  identical.  The 
only  remaining  difference  is  that  microorganisms  have  the  property 
of  transforming  insoluble  organic  matter  into  soluble  forms,  certain 
of  which  may  be  assimilated  by  either  the  plants  (62)  or  the  micro- 
organism. The  microorganisms  in  transforming  the  insoluble  nitro- 
genous organic  matter  to  soluble  form  obtain  a  part  of  their 
energy  from  these  reactions,  for  example:  the  decomposition  of 
casein.  Plants  cannot,  as  far  as  known,  transform  insoluble 
organic  matter  into  soluble  form,  but  must  have  it  supplied  in 
soluble  form*.  This  shows  how  the  higher  plants  are  dependent 
upon  the  microorganisms.  The  microorganisms  must  transform 
the  organic  debris  into  soluble  forms  and  thus  there  is  estab- 
lished the  relation  of  bacterial  activities  to  available  plant  food. 
Insofar  as  the  theory  goes,  it  is  correct,  but  unfortunately,  it 
leaves  the  impression  that  as  soon  as  the  plant  food  is  made 
available,  it  is  entirely  at  the  disposal  of  the  higher  plants,  excepting 
that  portion  which  may  be  lost  by  leaching  and  that  transformed 
chemically  into  insoluble  forms  like  reverted  phosphates,  or  the  loss 
of  nitrogen  by  denitrification  or  assimilation  by  "detrimental" 
microorganisms.  Such  is  not  the  case.  Plants  and  the  so-called 
beneficial  microorganisms  compete  for  the  soluble  or  available  food 
elements.  The  competition  does  not  become  severe  in  the  average 
soil  unless  the  amount  of  plant  food  that  may  be  readily  converted 
into  soluble  form  is  small,  or  unless  the  energy  supply  for  micro- 
organisms is  abundant.  Under  either  of  these  conditions,  the  bacteria 
compete  with  the  plants  to  such  extent  that  a  marked  depreciation 

•As  pointed  out  in  some  recent  work  (62),  the  nitrogen  does  rot  even 
have  tt>  be  in  the  form  of  ammonia  or  nitrates,  but  may  be  assimilated  as 
amino  aeids  and   acid  amids. 
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of  yield  results.  This  idea  of  competition  between  plants  and  micro- 
organisms is  of  secondary  importance,  however,  to  the  energy  require- 
ments of  the  microorganisms  because  a  proper  adjustment  of  the 
energy  relations  will  mean  a  maximum  development  of  microorgan- 
isms, followed  later  by  a  maximum  concentration  of  available  plant 
food. 

It  has  been  pointed  out  that  the  microorganisms  must  have 
energy  at  their  disposal  in  order  to  transform  the  insoluble  orgnnie 
matter  into  soluble  forms  and  that  they  obtain  this  energy  by 
decomposing  nitrogenous  organic  matter,  or  where  conditions  permit, 
by  decomposing  both  the  nitrogenous  and  non-nitrogenous  materials. 
An  excess  of  energy  material  caused  the  immediate  assimilation  of 
most  of  the  ammonia  liberated  from  the  casein  by  the  very  organisms 
which  liberated  it.  By  analogy  it  may  be  seen  how  the  other  available 
plant  food  elements  likewise  may  be  assimilated. 

Hence,  one  faces  the  problem  of  adjusting  the  energy  relations 
of  organisms  at  an  optimum  concentration,  i.  e.,  a  proportion  of 
energy  material  to  nutrients  which  will  give  an  optimum  concentration 
and  continued  liberation  of  available  plant  food  constituents. 

Table  VII  gives  a  clue  to  the  solution.  It  will  be  seen  that  .05% 
of  dextrose  caused,  first,  a  distinct  decrease,  and  later^  an  increase  in 
certain  instances  in  the  amount  of  ammonia  accumulated  over  that 
which  accumulated  with  casein  alone,  while  with  .1%  dextrose 
there  was  at  first  a  distinct  depression  and  later  a  recovery;  in  all 
but  onfe  instance,  to  within  3  to  14%  of  normal  ammonia  accumulation. 
Hence,  in  common  parlance,  the  smaller  quantity  of  dextrose  lost 
its  depressing  effect  sooner  than  the  .1%.  Looking  at  it  from  the 
point  of  view  previously  presented,  the  .05%  dextrose  was  consumed 
before  the  .1%.  Consequently,  the  consumption  of  NHg  ceased 
before  it  did  with  .1%.  In  every  instance  there  was  a  greater 
accumulation  of  NH,  in  the  presence  of  .05%  dextrose  than  with 
.1%  dextrose  and  more  with  .1%  than  with  .2%.  When  appreciable 
ammount  of  dextrose  remained  in  the  medium  there  was  no 
ammonia  accumulation.  As  long  as  there  remains  an  excess  of 
easily  decomposed  energy  forming  matter  in  a  soil  in  excess  of 
the  ratio  of  energy  to  nitrogen  for  the  microbial  flora  of  the 
soil,  there  will  be  no  appreciable  accumulation  of  ammonia. 
Since  it  is  impracticable  to  suggest  an  adjustment  of  the  energy 
nutrient  ratio  of  the  total  organic  crop  remains  added  to  the  soil 
solution  may  be  pointed  out  in  another  way  by  suggesting  the 
correct  time  for  incorporating  into  the  soil  the  orgain  matter 
low  in  nitrogen.  It  has  been  pointed  out  (31)  that  a  constant 
liberation  of  COg  from  the  soil  takes  place  and  that  this  liberation 
of  CO,  increases  upon  the  addition  of  carbohydrates  (31  and  13). 
Indeed,  it  has  been  suggested  that  the  rate  of  liberation  of 
CO2  is  in  proportion  to  bacterial  activities  and  might  be  used 
as  an  index  for  the  same.  The  liberation  of  the  COg  presages 
either  the  destruction  of  the  nitrogen  free  substances  or  the  carbon 
radicle  of  the  nitrogenous  matter  parallelling  the  decompositions  of 
casein  and  of  casein  and  dextrose. 
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Therefore,  as  suggested  by  the  results  in  table  VII  if  the  decom- 
position of  the  organic  matter  of  the  soil  is  given  sufficient  time, 
there  will  be  narrowing  of  the  energy  nutrient  ratio  of  the  soil 
organic  matter  and  an  ultimate  liberation  of  more  abundant  plant 
food  not  necessarily  an  immediate  increase  in  ammonia  or  other  nutri- 
ents, since  in  the  soil  the  destruction  of  the  energy  material  and 
assimilation  of  ammonia  and  other  plant  food  constituents  result 
in  the  formation  of  great  numbers  of  microorganisms  before  the  excess 
energy'  of  added  organic  matter  was  consumed.  Consequently,  after 
the  exhaustion  of  the  energy  material,  large  numbers  of  microorgan- 
isms die  and  may  be  regarded  as  an  equivalent  of  the  original  organic 
matter  with  greatly  decreased  energy  nutrient  ratio.  These  cells 
in  turn  undergo  decomposition.  The  ratio  of  energy  to  nutrients 
determined  for  any  organism  or  flora  must  include  that  actually  used 
by  the  synthetic  actions  of  metabolism,  and  that  which  escapes  into 
the  surrounding  medium  as  heat*.  That  is  the  potential  energy 
stored  in  the  cell  of  the  microorganism  is  only  a  portion  of  that 
liberated  orginally  by  the  organisms  from  the  organic  matter.  The 
succeeding  generations  of  organisms  have  at  their  disposal  the  energy 
material  of  the  lower  compounds  resulting  from  the  earlier  decom- 
position, the  dead  cells  of  the  previous  generation  and  the  com- 
pounds more  difficult  of  decomposition  which  were  in  the  original 
organic  residue.  Therefore,  owing  to  the  narrower  ratio  of  energy 
to  nutrient  and  to  the  energy  compounds  more  difficult  of  decom 
position,  there  is  an  increasing  accumulation  of  soluble  plant  food 
that  the  microorganisms  do  not  rapidly  assimilate.  This  may  be 
utilized  as  plant  food,  leached  away,  chemically  changed,  nitrified 
(21  and  22)  or  dentrified. 

EXPERIMENT  ON  COMPETITION 

In  order  to  test  the  theory  of  competition  between  higher  plants 
and  ''beneficial"  bacteria,  the  following  experiments  were  planned: 

Maize  seedlings  free  from  microorganisms  were  grown  in  flasks 
and  large  tubes  which  contained  pure  quartz  sand  and  sufficient 
synthetic  nutrient  solution  to  bring  the  water  content  of  the  sand 
up  to  12%.  Enough  checks  were  run  so  that  flasks  and  tubes 
contaminated  at  the  end  of  the  experiment  could  be  eliminated. 
In  the  first  series  of  experiments,  the  nutrient  solutions  containing 
dextrose  were  concentrated  and  the  presence  of  bacteria  stimulated 
the  growth  of  the  maize.  For  the  second  and  third  series  of  tests, 
media  No.  1  was  diluted  10  times  and  will  be  known  as  Medium  No. 
1-A.  In  the  second  series  of  experiments  it  was  noticed  that  injury 
to  the  maize  seedlings  resulted  from  handling  the  seedlings  with 
forceps  sterilized  in  HgClo.  In  the  third  series  of  experiments, 
this  difficulty  was  overcome.  The  experiments  in  detail  were  as 
follows : 

The  first  and  most  difficult  item  was  to  secure  maize  seedlings 
free  from  microorganisms.     Fortunately  an  ear  of  flint   corn  was 

*Sueh.   for   example,    as   the    heat    liberated    in   the    rapid   A^negar   process 
and  also  the  heat  of  fermenting  manure. 
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secured  which   germinated  approximately    100% ;  200  kernels  were 

removed  from  this  ear  and  placed  in  a  sterile  vacuum  flask.     To  the 

flask  was  then  added  200  c.  c.  of  the  following  disinfectant : 

HgCl2  2  gm. 

NH4CI    20  gm. 

NaCl  - 10  gm. 

Dist.   H2O 1000  C.C. 

The  vacuum  flask  was  then  connected  and  a  vacuum  of  20  to 
25  pounds  maintained  for  30  minutes;  the  disinfectant  was  carefully 
drained  off  after  which  each  kernel  was  transferred  by  means  of 
sterile  forceps  to  a  tube  containing  10  c.  c,  of  nutrient  bouUion.  At 
the  end  of  48  hours,  each  kernel  was  transferred  to  an  agar  slope 
where  it  remained  until  the  seedling  was  about  6-7  cm.  long.  Then 
by  means  of  sterile  forceps  each  seedling  was  transferred  to  10  c.  c. 
of  nutrient  bouUion  where  it  remained  for  72  hours.  Then  by  means 
of  long  sterile  forceps  the  seedling  was  planted. 

The  object  in  transferring  the  treated  kernels  from  the  dis- 
infecting flask  to  the  bouUion  w^as  to  wash  off  and  dilute  the  dis- 
infectant remaining  on  the  seed.  No  growths  were  noticed  in  the 
bouUion.  The  object  in  transferring  the  kernels  from  the  bouUion 
to  the  a^ar  slopes  was  to  afford  complete  aeration.  40  seedlings 
out  of  the  200  were  discarded  because  they  were  small  or  deformed, 
12  out  of  the  remaining  160  were  contaminated  with  molds.  After 
transferring  the  seedlings  from  the  agar  to  bouUion,  four  more  de- 
veloped molds,  and  one  tube  developed  bacterial  growth. 

The  following  media  were  used:  Medium  No.  1-A  and  the  same 
medium  without  dextrose,  which  is  designated  Medium  No.  1-B. 

The  apparatus  used  was  as  f  oUowgi :  2  kilograms  of  quartz  sand  was 
added  to  wide  mouthed,  2  liter  flasks.  Sufficient  media  (AorB)  was 
added  to  bring  the  water  content  of  the  sand  up  to  12%.  These 
flasks  were  then  plugged  with  cotton  and  .sterilized  in  the  autoclav 
at  10  pounds  for  thirty  minutes. 

Glass  tubing  40  mm.  inside  diameter  and  one  meter  long  were 
plugged  with  cotton  in  both  ends.  A  string  was  tied  to  one  of  the 
cotton  plugs  and  led  through  the  tube  past  the  other  plug  extending  a- 
bout  6  inches  past  he  end  of  he  tube.  Around  the  outside  of  the  glass 
tube,  on  the  end  having  the  cotton  plug  with  the  string  attached, 
was  wrapped  cotton  so  that  the  entire  tube,  and  cotton  would  just 
fit  inside  the  mouth  of  the  2  liter  flask.  These  tubes  were  then 
steriUzed  in  the  autoclav  at  15  pounds  for  30  minutes. 

The  planting  of  the  maize  was  accomplished  as  follows:  Steam 
was  generated  from  water  in  a  pan  18x28  inches.  Across  this  pan 
was  placed  a  support  for  the  2  liter  flask  while  planting.  After  the 
steam  was  flowing  freely  around  the  flask  so  as  to  carry  chance 
organisms  away  from  the  mouth,  the  plug  was  removed  from  the 
two  liter  flask  and  two  large  holes  bored  in  the  sand  within  by  means 
of  a  sterile  spatula.  Then  by  means  of  a  pair  of  long  sterile*  forceps 
a  maize  seedling  was  carefully  removed  from  the  bouUion  tube  while 
it  was  held  within  the  flowing  steam  and  the  seedling  planted  in  one  of 
the  holes  in  the  sand  inside  the  2  liter  flask.    A  second  seedling  was 

*It  was  these  forceps  sterilized  to  the  above  HgClo  that  injured  the 
seedlings. 


jrt.JVjf    mM. 


planted  in  the  same  way.  One  of  the  sterile,  double  plugged,  40  mm. 
by  1  meter,  glass  tubes  was  then  taken  from  the  autoclav  and  the 
cotton  wrapped  end  inserted  as  a  plug,  within  the  mouth  of  the  2  liter 


Fig.  2  Pourty   mm.  by  one  m« 
after  sterilization. 
B — Top   ping 
b— Cord 

e — Bottom     removable 
d— Cotton  collar  to  fit  i 


3  After   planting, 
a— Top  plug 
b— Cord 
c — Bottom  ping 
(1— Collar 


358 


TABLE  IX.     SHOWING  THS  RESULTS  OF  COMPETITION  BETWEEN  MAIZE  AND 

AMMONIFYING  BACTERIA  IN  SYNTHETIC  SOLUTION  WITH  DEXTROSE 

PRESENT  AND  ABSENT.     TIME  OF  GROWTH:  7  WEEKS 


Bacteria 
Present 

No.  of  flasks 
in  test 

No.  of  plants 
in  test 

Treatment 

Grams  drv 

wt.  in  each 

flask 

Average  wt. 
of  plants  per 
flask  gm 

Total  dry 
wt.  gm 

Wt.  calculated 
for  8  plants 
per  flask  gm 

B.  subtllis      

4 

8 

Media   No.   1-A- 
dextrose    5    c.c 
72    hr.    culture 

2.7 
2.0 
1-9 

1.9 

7.6 
7.3 

Media   No.    1-A- 
iiextrose     

1. 
2.0 
1.2 
1. 

7.6 

No.  bacteria    .... 

4 

^8 

1.8 

Media    1-A    5 
c.c.    72    hr. 
culture 

2.1 
1.0 
0.9 
1.1 
2.2 

7.3 

B.  subtills      

3 

6 

1.0 

3. 

4.0 

No.  bacteria    .... 

4 

8 

Media    1-A 

1.9 
1.6 
1.8 

1.8 

7.5 

7.5 

B.  protteus     

4 

8 

.Media     1-A-dex- 
trose    5    c.c.    72 
hr.    culture 

2.0 
1.8 
2.9 
2.2 

2.2 

8.9 

8.9 

No.  bacteria     .... 

3» 

6 

Media    1-A 
dextrose 

2.1 
2.6 

2.8 

2.5 

7.5 

10.0 

B.  proteus      

4 

8 

.Media-  1-A    5 
c.c.    72    hr. 
culture 

1.4 
1.6 
1.1 
1.9 

1.5 

6.0 

6.0 

No.  bacteria    .... 

4 

8 

.Media 

2.1 
2.2 
1.8 
1.7 

1.7 

'  7.9 

7.9 

B.  mycoid<*s     .... 

4 

8 

Media     1-A-dex-' 
trose    5    c.c.    72 
hr.  culture 

3.0 
2.2 
1.6 
1.9 

2.1 

8.7 

8.7 

No.  bacteria     .... 

4 

8 

Media     1-A-dex- 

trosQ 

1.6 
2.9 
2.2 
2.3 

2.2 

9.0 

9.0 

B.  raycoides     .... 

4 

8 

Media     1-A     5 
c.c.    72   hr. 
culture 

1.0 
.9 
.8 

1.1 

.9 

2.8 

3.8 

No.  bacteria     ..., 

4 

8 

Media   lA 

2.8 
2.3 
1.7 
1.9 

2.1 

8.7 

8.7 

B.  megatherium 

4 

8 

Media     1-A-dex- 
trose     5     c.c. 
72  hr.   culture 

2.8 
2.1 
1.8 
1.6 

2.0 

8.3 

8.3 

No.  bacteria     .... 

4 

8 

Media    l-.\- 
dextrose 

2.2 
2.6 
2.3 
2.0 

2.2 

9.1 

9.1 

B.  inegatht^rium 

3* 

6 

Media    1-A 
5    c.c.    72    hr. 
culture 

.8 
1.3 
1.7 

1.2 

3.8 

5.0 

*One  or  more  flasks  eliminated  because  of  mold  coDtamlnation.  There  was  no 
bacterial  coutaminatloD.  Six  flasks  in  all  were  eliminated  because  of  contamination. 
Although  provision  for  watering  had  been  made,  it  was  not  found  necessary.  The  three- 
foot  tube  with  cotton  plug  acted  as  a  reflex  condenser  sufficiently  to  retain  sufficient 
water  for  growth. 

(Gonttnued  on  next  page) 
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TABLE  IX— (Continued) 


Bacteria 
Present 

No.  of  flasks 
in  test 

No.  of  plants 
in  test 

Treatmeirt 

Grams  drv 

wt.  in  each 

flask 

Average  wt. 
of  plants  per 
flask  gm 

Total  dry 
wt.  gm 

Wt.  calculated 

for  8  plants 
per  flask  gm 

No.  bacteria     .... 

3* 

6 

Media   1-A 

2.7 
2.5 
1.0 

2.0 

6.2 

8.2 

B.  vulgatus 

3* 

6 

Media     1-A-dex- 
troso    5    c.c.    72 
hr.    culture 

2.5 
1.5 
3.2 

2.4 

7.2 

9.6 

No.  bacteria     .... 

4 

8' 

Media    l-A- 
dextrose 

2.8 
2.7 
3.1 
2.3 

2.7 

10.8 

10.8 

H.  vulgatus 

4 

8 

Media    lA 
5    c.c.    72    hr. 
catlure 

.7 

.9 

.8 

1.0 

.8 

3.4 

.8 

.No.  bacteria    .... 

4 

8 

Media   1-A 

3.0 
2.7 
2.5 

2.8 

2.7 

11.0 

11.0 

S.  lutca      .- 

3* 

6 

Media     1-A-dex- 
trose    5    c.c.   72 
hr.    culture 

1.1 
3.0 
4.0 

2.7        . 

8.1 

10.8 

No.  bacteria     

'      4 

8 

Media     1-A-dex- 

2.7 
2.1 
2.5 
2.9 

2.5 

10.2 

10.2 

S. lutea      

4 

8 

Media    1-A 
5    c.c.    72    hr. 
culture 

1.8 
1.7 
2.0 
1.3 

1.7 

6.8 

6.8 

No.  bacteria    .... 

4 

8 

MedU   1-A 

3.0 
2.0 
3.3 
1.3 

2.4 

9.6 

9.6 

.No.  bacteria    — 

4 

8 

Sand    only    and 
distilled     water 

.9 

.5 

.7 

1.1 

.8 

3.2 

3.2 

Ml  ted    culture 
of    bacteria    .. 

4 

8 

fiand  5  c.c.  mix- 
ed cult,  of  above 
bact.    and    dis- 
tilled   water 

1.1 

.9 

1.2 

1.3 

1.0 

4.2 

4.2 

*One  or  more  flasks  eliminated  because  of  mold  contamination.  There  was  no 
bacterial  contamination.  Six  flasks  in  all  were  eliminated  because  of  contamination. 
.\lrhough  provision  for  watering  bad  been  made,  it  was  not  found  necessary.  The  three- 
ff>ot  tube  with  cotton  plug  acted  as  a  reflex  condenser  sufficiently  to  retain  sufficient 
water  for  growth. 

erienmeyer  flask.  The  string  attached  to  the  lower  cotton  plug  of 
the  long  glass  tube  was  drawn  up  until  the  bottom  plug  almost 
touched  the  upper  plug.  Tar  paper  was  then  wrapped  closely  around 
the  erienmeyer  flask  so  as  to  shut  out  the  light  and  force  the  maize 
seedlings  to  enter  the  40  mm.  tube  which  they  did.  The  entire 
apparatus  was  placed  in  the  greenhouse.  At  the  end  of  the  experi- 
ment all  contaminated  flasks  were  eliminated.  Those  flasks  to  which 
were  added  bacteria  were  inoculated  immediately  after  the  maize 
was  planted.    The  results  and  treatment  are  given  in  Table  IX. 

An  examination  of  Table  IX  will  demonstrate  clearly  that  within 
the  limits  of  this  experiment  that  a  medium  containing  dextrose, 
and  with  ammonia  as  the  sole  source  of  nitrogen,  the  ammonifying 
bacteria  used  in  these  experiments  are  able  to  successfully  compete 


with  maize  plants  for  the  ammoQia.  It  also  points  out  that  .001  gram 
of  dextrose  per  c.c.  does  not  stimulate  the  growth  of  maize  plants, 
neither  does  it  markedly  depress  it.  The  difference  between  the 
growth  of  maize  in  the  absence  of  dextrose  and  in  its  presence  lies 
within  the  difference  due  to  individual  plants.  These  points  are 
clearly  shown  in  Table  X  which  is  a  composite  of  the  total  weights 
of  maize  plants  presented  in  Table  IX.  The  results  in  the  two  tables 
is  a  further  demonstration  of  the  influence  of  energy  material  on  the 
activity  ^f  bacteria. 


a — (-otton    plup  d — Glass  wool 

b — Aeration   tube  o — Pnrrafin    sbbI 

e — Quartz  sand  h— Cork    stopper 
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TABLE  X.  A  COMPARISON  OF  THE  TOTAL  DRY  WEIGHT  OP  AN  EQUAL  NUMBER  OF 
PLANTS  GROWN  IN  AN  AMMONIUM  MEDIUM,  WITHOUT  DEXTROSE,  WITHOUT  DEX- 
TROSE AND  BACTERIA,  AND  WITH  DEXTROSE,  AND  WITH  DEXTROSE  AND  BACTERIA 


No.  of 

PUnu 

Grams  of  dry 
weight  in 
absence  of 

dextrose  and 
bacteria 

Grams  of  dr/ 

weight  in 

absence  of 

dextrose  with 

bacteria 

present 

Grams  of  dry 
weight  with 
dextrose  pre- 
sent and  bac- 
teria absent 

Grams  of  dry 

weight  with 

dextrose  and 

bacteria 

present 

Controls  sand 

only  with 

distUled  water 

to  12% 

■ 

* 

1 

TA            1            53.9 

I 
i 

J 

22            1 

4S.8 

51).  J) 

L                          ' 

22             1 

_y 

20.N 

1«            J 

7.4 

t  iirrtx'ted     ( 

< 

' 

f<ir  22       1            51.4 

4S.8 

4N,4 

2t».S              ;            10.0 

plants         1 

1 

'i 

1 

As  mentioned  previously,  some  of  the  maize  seedlings  were 
injured  by  the  HgClj  used  to  sterilize  the  forceps  for  transferring 
the  seedlings  from  the  agar  slopes  to  the  test  apparatus.  In  order 
to  eliminate  this  source  of  error  the  procedure  for  the  third  series 
was  as  follows:  . 

The  media  and  material  used  were  the  same  as  in  twe  preceding 
test.  The  apparatus  consists  of  a  glass  tube  40  mm.  diameter  by 
1  meter;  see  Plate  II,  containing  500  grams  of  pure  quartz  sand.  The 
maize  kernels  were  sterilized  in  vacuo  with  disinfectant  described 
above.  After  the  sand  had  been  added  to  the  tube  it  was  shaken 
until  the  surface  of  the  sand  lay  sloped  like  an  agar  slant.  The  media 
was  then  carefully  added*  while  the  tube  lay  in  an  inclined  position. 
These  tubes  were  then  sterilized  in  an  inclined  position  in  the  auto- 
clav  at  10  pounds  for  30  minutes.  After  cooling,  the  tube  was  lain 
in  a  horizontal  position,  the  plug  was  removed  and  one  maize  kernel 
transferred  from  the  vacuum*  sterilization  flask  to  the  culture  tube. 
The  tube  was  carefully  lifted  to  a  perpendicular  position.  The  kernels 
then  found  a  position  at  the  lowest  point  of  the  sand  slope.  The 
tube  was  then  rolled  and  jarred  until  kernels  were  covered  by  the 
crumbling  of  the  sand  slope.  It  was  very  noticeable  that  germination 
was  slower  in  the  presence  of  dextrose  than  in  its  absence.  After 
the  kernels  were  approximately  6  cm.  high  inoculations  were  made 
with  a  mixed  culture  of  the  six  organisms  used  in  the  previous 
experiments.  This  method  eliminated  the  injury  due  to  handling  with 
IlirClj.  There  was  no  chance  to  select  uniform  seedlings,  and  the 
growth  was  not  vigorous  as  in  the  previous  experiments.  The  treat- 
ment and  result  are  shown  in  Table  XI. 

The  results  in  Table  XI  coroborated  those  in  Table  X  in  regard 
to  the  effect  of  competition  between  higher  plants  and  beneficial 
bacteria  when  a  suitable  source  of  energy  is  present  for  the  bacteria. 

B.  megatherium  which  had  previously  proven  itself  able  to 
consume  nitrate  nitrogen  in  the  presence  of  dextrose  was  tested  out  on 
a   medium    identical   to   No.    1-A,    excepting   that    1    gram    of   KXO3 

•20  to  2/5  pounds  vacuum  fro  30  minutes. 
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TABLE  XI.     SEVEN  WEEKS  GROWTH  OF  MAIZE  IN  SYNTHETIC  SOLUTION  CONTALN- 
ING  AMMONIA  NITROGEN  COMPARED  WITH  GROWTH  IN  THE 

SAME  MEDIUM  WITH  DEXTROSE 


Inoculation 

Number  of 
tubes  in  test 

Number  of 
plants  in  test 

Medium  used 

Total  dry 
weight  gm. 

Total  dry 
weight  calcu- 
lated for  8 
plants  gm. 

No  bacteria    .... 

7» 

7 

Sufflclent   of  Medium    1-A   iu 
pure    quartz    sand    to    ^ve 

. 

12%     moisture    

7.9 
2.5 

S.9 

5  c.c.  of  a  mix- 
ed   culture    of 
72   hr.   growth 
of    above    6 
organisms 

6* 

6 

<( 

3.2 

No  bacteria    .... 

8 

8 

Medium     1-A -dextrose     in        i 
quartz    sand    to    give    12% 
moisture      10.2 

10.2 

5  c.c.  of  a  iiiix- 
ed    culture    of 
72   hr.  growth 
of    6    bacteria 

8 

8 

•  • 

9.4 

9.4 

No  bacteria     .... 

7» 

7 

Quartz     sand     12%     distilled 
water    • 

2.4 

5T 

5  c.c.  of  a  mix- 
pd     culture     of 

r>» 

5 

Quartz    sand     12%     distilled 
water     

2.2 

1 

3.4 

72   hr.   growth 
of  6   bacteria 

•     One   or   more    tubes    eliminated   at   the    close   of    the   experiment   because    of    con- 
tamination. 


was  substituted  for  the  1  gram  of  (NH4)2S04,  which  after  dilation 
ten  times  was  designated  medium  1-BX.  Likewise,  B.  mycoides  was 
tested  out  on  one  tenth  concentration  casein  dextrose  medium  2- AX. 
The  manner  of  conducting  the  experiments  was  the  same  as  described 
for  the  results  in  Table  XL  The  growth  period  covered  9  weeks. 
Results  are  recorded  in  Table  XIL 

In  Table  XII  may  be  seen  the  same  relation  between  ehergy 
supply  and  nitrate  consumption.  B.  megatherium,  which  can  utilize 
NO3  nitrogen  and  dextrose  as  a  source  of  energy  is  capable  of  cutting 
down  the  growth  of  maize  almost  50%  under  the  conditions  of  the 
experiment.  A  similar  relation  holds  between  B.  mycoides  and  casein 
and  casein  and  dextrose  as  noted  previously.  Obviously,  B.  mycoides 
can  deprive  maize  seedlings  of  considerable  NH3,  if  there  is  present 
suitable  energy  material. 

It  has  been  proven  by  the  previous  results  presented  that  six 
well  known  ammonifying  bacteria  in  the  presence  of  a  suitable 
energy  supply  can  successfully  assimilate  ammonia  from  (NH4)jS04, 
and  can  assimilate  ammonia  liberated  from  casein.  This  ability  to 
assimilate  ammonia  has  been  further  demonstrated  by  forcing  maize 
under  controlled  conditions  to  compete  with  these  bacteria  for 
nitrogen.  It  has  likewise  been  demonstrated  that  B*  megatherium 
competes  successfully  with  maize  for  NOg  nitrogen,  if  suitable  energy 
material  is  present.     Furthermore,  other  bacteria  and,  in  particular. 
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TABLE  XII.     ^  WEEKS  OF  GROWTH  OF  MAIZE  ON  POTASSIUM  NITRATE  AND  POTAS- 
SIUM NITRATE  AND  DEXTROSE,  ALSO  B.  MYCOIDES  ON  CASEIN, 

AND  CASEIN  AND  DEXTROSE 


Inoculation 

No.  of 
tubes  used 

No.  of 

plants  in 

test 

Medium  used 

Average  dry 
wt.  in  tube 

Total  weight 
gm. 

Total  weight 

corrected  for  8 

plants  gm. 

No  bacteria    .... 

4       1 

8 

.Medium 

1.1!X     

a.l 

12.4 

12.4 

5    c-c.    72    hr. 

culture    of 
U.  megatherium 

No  bacteria     .... 

1 
4 

8 

.Medium 

II'.X    

1.7 

6.8 

6.8 

4 

8 

.Medium 

1  IJX-dcxtrose    .... 

3.7 

14.8 

14.8 

5    c.c.    72    hr. 

culture    of 
B.  nieKutherium 

1 

1      3« 

6 

Medium 

1-BX -dextrose    .... 

3.9                11.7 

15.6 

No    bacteria  .... 

1 

4 

8 

Medium 

2-AX-dextrosi»    .... 

1.8 

1         7.2                  7.2 

5    c.c.    72    hr. 

culture    of 
B.  mycoidcs     .... 

1 

4 

1 

1      ■ 

1 

i    8 

.Medium 

2-.\X-dextrose    .... 

2.7 

10.8 

10.8 

No  bacteria     .... 

3» 

4 

Medium 

2-AX  

0.8 

2.4 

3.2 

5    c.c.    72    hr. 

culture    of 
B.  inycoldes     ..- 

4 

8 

Medrum 

2-AX    

1.5 

6.0 

6.0 

*     One  or   more  flasks  eliminated   at  end   of   experiment   because   of   contamination. 

molds*  readily  use  nitrate  nitrogen  (4)  Tottingham  and  Hoflfman 
(40)  have  demonstrated  that  under  certain  conditions  bacteria  con- 
sume the  water  soluble  phosphates  from  ground  rock  phosphate  and 
super  phosphates.  In  order  to  demonstrate  in  a  broader  way  that  the 
energy  material  is  the  most  important  factor  in  bacterial  food,  a 
series  of  pot  experiments  were  outlined  and  run  under  green-house 
conditions.  It  was  the  purpose  of  these  pot  tests  to  show  that  the 
same  relation  between  energy  and  other  bacterial  nutrients  holds, 
with  a  complex  flora  as  with  the  pure  cultures  previously  used.  Like- 
wise, it  was  desired  to  point  out  the  relation  between  bacterial  food 
and  plant  food  and  bacterial  activities  and  available  plant  food. 

For  this  purpose,  large  flower  pots  holding  40  pounds  of  quartz 
sand  were  used.  In  order  to  guard  against  denitrification  a  coarse 
sand**  was  chosen  which  had  approximately  the  following  physical 

composition : 

Gravel    (less  than  4   mm 30% 

C.   a   37% 

M.    8 15% 

F.  S 11 

V.  F.  S 6 

The  chemicals  used  were  Merk's  blue  label  with  the  exception  of 
AICl:^,  CaSO^,  and  casein  which  were  Merk's  highest  purity.  The 
nutrient  ration  p«r  pot  was  as  follows: 


•ExpcriiTientB  similar  to  the  above  were  conducted  using  diflferent  species 
of  Aspcrgillius  and  Pcncillium,  but  in  the  presence  of  dextrose  these  organisms 
were  capable  of  killing  the  corn  plant  in   from  3  to  6  weeks. 

**Owing  to  the  large  amount  of  sand  used  it  was  not  practicable  to  secure 
pure  quartz  sand. 
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!.^(Jj2P04)4s    =  5.99,"5  g,,!, 

xr^5,  •*  ^   ■•  - « 2.150  gm. 

NaCl  =  _ 4.050  im. 

reUla  =  250  gm. 

Nitrogen  as  KNO3  =  8.725  gra. 

or  Nitrogen   as    (NH4)2S04  =  5.310  gin. 

or  Nitrogen   as   casein  =  8.340  gm. 

MnS04  =  : 005  gm. 

AICI3  =  005  gm. 

All  chemicals  excepting  FeClj,  MnS04  and  AICI3  were  added 
in  a  powdered  form  and  thoroly  worked  into  the  sand  by  hand  before 
the  sand  was  added  to  the  pot.  The  remaining  chemicals  were  added 
irom  solution  and  mixed  with  the  sand. 

When  5.3  grams  of  (NH4)2S04  was  substituted  for  the  8.72  grams 
of  KNOb,  then  7.82  grams  of  KH^PO^  was  substituted  for  5.99  grams 
CaCHgPO^)^  and  4.4  grams  of  CaS04  +  2  HgO  was  added  to  replace 
the  calcium.  This  procedure  was  observed  in  replacing  the  8.72  grams 
of  KNO3  with  equivalent  quantities  of  nitrogen  in  casein  and 
manure,  etc.  The  water  content  was  maintained  at  approximately 
12%,  using  distilled  water.  At  the  time  of  planting,  10  c.c.  of  a  1  to 
5  soil  infusion  was  added  to  each  pot. 

For  convenience  in  discussion  the  first  set  of  pots  may  be  re- 
garded as  consisting  of  two  series.  The  results  for  the  first  series, 
recorded  in  Table  XIU,  consist  of  checks.  The  second  series  consists 
of  comparisons,  using  increasing  quantities  of  ammonium  sulphate 
with  and  without  dextrose.     See  Table  XIV. 

Oats  were  used  as  a  test  crop.  Preliminary  work  showed  that  pot 
work  did  not  give  comparable  results  unless  a  uniform  number  of 
plants  were  present  in  each  pot.  Effort  was  also  made  to  force  registra- 
tion of  the  loss,  due  to  bacterial  competition,  as  decreased  yield  of  the 
check  crop.  Consequently  fifty  kernels  of  oats  were  planted,  in  each 
pot,  and  at  the  two  leaf  stage  were  thinned  to  30  plants  each.  The 
striking  results  obtained  encouraged  an  extension  to  include  nitrate 
nitrogen  and  phosphates.  The  same  plan  and  material  were  used 
as  in  the  preceding  tests,  excepting  millet  was  used  as  a  test  crop. 
Millet  was  chosen  because  it  will  grow  readily  in  an  acid  soil  (46). 
It  was  thought  that  the  decomposition  of  large  quantities  of  dextrose 
might  seriously  affect  the  soil  reaction.  Owing  to  the  similarity  of 
treatment  and  results,  discussion  of  Tables  XII  and  XIII  will  be  taken 
up  with  the  later  trials. 

The  millet  was  planted  February  1st  and  was  uniformly  up 
February  8th.  February  15th,  about  half  in  some  of  the  pots  con- 
taining dextrose  was  dead.  Plate  tests  showed  numerous  colonies  of 
molds.     (The  identity  of  the  parasite  was  not  determined). 

On  the  25th  of  February  all  the  millet  was  dead  in  some  of  the 
dextrose  pots  and  most  of  it  in  others.  Those  pots  having  no  dextrose 
and  those  having  straw  were  not  visibly  affected.  The  presence  of 
dextrose  probably  furnished  energy  for  the  parasites,  enabling  them 
to  spread  throughout  the  potted  soil. 

On  March  1st  the  millet  that  remained  was  approximately  8 
cm.  tall.  It  was  pulled  and  dried  for  nitrogen  determination.  That 
same  day  50  kernels  of  Swedish  Select  oats  were  planted  in  each  pot. 
These  oats  had  won  the  sweepstakes  prize  at  the  North  Dakota  Pure 


365 

Seed  Show  for  1914  and  germinated  about  99%.  They  were  plump, 
heavy  seed.  On  March  5th,  the  oat  plants  in  all  of  the  pots  were  up 
with  remarkable  uniformity.  On  March  10th,  the  oats  on  all  pots 
stood  about  10  cm.  high.  On  this  date  the  plants  were  thinned  to  a 
uniform  number.  A  preliminary  investigation  showed  that  one  pot 
contained  only  30  plants,  one  of  which  was  weakly.  This  plant  was 
removed.  All  other  pots  weire  thinned  to  29  plants  each.  The  pots, 
excepting  those  containing  straw  and  fresh  manure,  continued  uniform 
in  growth  and  on  March  20  examination  showed  that  all  dextrose 
had  disappeared.  Due  to  the  porous,  sandy  soil,  constant  optimum 
moisture  content  and  uniform  temperature — automatically  regulated 
to  approximately  80°F. —  the  dextrose  was  rapitily  decomposed.  The 
finely  chopped  straw  added  to  some  of  the  pots  showed  considerable 
disintegration.  On  March  21st,  dextrose  was  again  added  to  the 
proper  pots  in  the  same  quantities  as  in  first  application.  Within 
10  days  sharp  differences  were  noted  between  the  several  treatments. 
In  no  instance,  however,  did  any  of  the  oats  show  evidence  of  disease, 
except  after  heading  when  four  pots  contained  from  1  to  2  smut 
heads.  The  differences  noted  were  found  in  the  pots  containing 
dextrose  with  limited  supplies  of  nitrogen  or  phosphorus.  Where 
dextrose  was  used  with  an  excess  of  all  plant  food  constituents,  no 
difference  was  visible  to  the  eye.  Nevertheless,  the  final  yields  showed 
some  difference.  The  plants  continuing  to  grow  rapidly  in  all  pots 
free  from  dextrose,  straw  or  fresh  manure  and  in  those  having  dex- 
trose and  an  excess  of  plant  food.  In  those  pots  having  a  deficiency 
of  one  element  and  to  which  had  been  added  either  dextrose  or  straw 
or  to  which  was  added  dextrose  or  straw  only,  apparently  stood  still, 
or  became  spindly.  All  plants  remained  healthy  and  green,  even 
after  the  second  application  of  dextrose.  Where  a  limited  amount 
of  nitrogen  or  phosphorus  had  been  used  the  tips  of  the  leaves  and 
the  lower  leaves  became  distinctly  ** fired*',  much  as  in  cereals  and 
particularly  com  during  a  drouth. 

Qualitative  tests  for  dextrose  demonstrated  that  the  second  apr 
plication  had  disappeared  by  April  24th.  About  20  days  later  there 
was  a  slight  though  distinct  recovering  noticeable  in  all  the  pots 
which  had  previously  contained  dextrose.  A  little  later  those  pots 
to  which  straw  had  been  added  began  to  improve,  while  those  pots 
to  which  fresh  manure  had  been  added  did  not  begin  to  recover 
until  about  the  middle  of  May,  This  recovery  was  manifested  quite 
uniformly  in  two  ways.  First,  the  original  culms  began  to  elongate 
Second:  new  growths  appeared  at  the  first  and  second  nodes  nearest 
the  soil  and  grew  rapidly.  In  many  instances  the  green  weight  of  the 
second  growth  appeared  to  be  nearly  equal  to  the  green  weight  of 
the  original  stem,  but  the  dry  weight  approximated  only  20  to  30  per 
cent  of  it.  Had  the  oats  been  harvested  at  the  time  the  second 
application  of  dextrose  disappeared,  there  is  no  question  but  that  the 
difference  in  weight  between  the  various  treatments  would  have  been 
more  marked  than  shown  in  Tables  XIII  to  XVII.  Such  results, 
however,  would  have  emphasized  only  the  competition  between  the 
oats  and  microorganisms  and  would  not  have  suggested  the  true 
significance  of  energy  material. 
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An  attempt  was  made  to  obtain  a  quantitative  estimate  of  the 
number  of  molds  present  in  the  pots  to  supplement  the  bacterial 
count.  The  chief  difficulty  was  to  secure  an  aliquot  for  tranferring 
to  the  plate.  A  quantitative  count  of  molds  comes  back  primarily  to 
an  estimation  of  the  connidia  or  other  reproductive  bodies  present 
in  the  material  under  study.  Owing  to  the  fact  that  the  connidia  of 
some  molds  commonly  floats  upon  the  surface  of  water,  cluster  to- 
gether and  cling  to  the  sides  of  the  retaining  vessel,  the  bacterial 
dilution  methods  fail  to  give  uniform  checks.  Such  checks  frequently 
vary  as  much  as  75%.  The  same  conditions  prevent  estimation  by  a 
microscopic  method.  Some  success  was  attained  by  adding  minute 
quantities  of  soil  to  10  c.c.  of  water,  shaking,  then  transferring  the 
entire  volume  of  water  and  of  soil  to  large  plates.  The  dilution  tube 
was  twice  rinsed  with  10  c.c.  portions  of  sterile  water  and  both  wash- 
ings transferred  to  the  plate.  To  this  was  then  added  100  c.c.  of 
synthetic  medium  containing  2%  agar.  The  results  do  not  justify 
presentation  here  since  the  synthetic  medium  used,  permitted  only 
aspergillus  and  pencillium  to'  develope.  The  counts  of  these  two 
genera  alone  ran  into  hundreds  of  thousands  per  gram  of  sand. 

Ten  days  after  the  first  addition  of  dextrose,  qualitative  mic- 
roscopic estimates  of  the  molds  in  the  sand  showed  for  the  pots 
containing  dextrose  an  enormous  number  of  connidia.  One  platinum 
loop  of  suspension  made  by  shaking  10  grams  of  the  sand  in  20  c.c. 
of  water  showed  under  the  microscope  a  field  so  thick  with  connidia 
and  bacteria  of  various  species  as  to  make  counting  at  that  dilution 
impossible.  The  connidia  appeared  to  outnumber  the  bacteria  many 
times.  The  connidia  were  abundant  at  17  days  and  did  not  appear 
to  decrease  even  at  45  days.  A  suspension  made  about  48  hours  after 
the  second  application  of  dextrose  showed  a  marked  decrease  in  the 
number  of  connidia.  This  was  followed  a  week  later  by  an  increase  in 
number  which  equalled  or  exceeded  those  present  after  the  first 
dextrose  application.  The  number  appeared  to  decrease  toward  the 
end  of  the  experiment. 

The  presence  of  connidia  in  the  pots  treated  with  straw  and 
fresh  manure  could  be  readily  determined,  though  they  were  not  as 
numerous  as  where  dextrose  was  used.  They  persisted  quite  uni- 
formly up  to  the  end  of  the  experiment. 

The  presence  of  molds  in  great  numbers  where  energy  material 
was  present  and  the  knowledge  that  these  organisms  readily  consume 
both  ammonia  and  nitrate  helps  to  explain  the  exceptional  depression 
of  yield  shown  in  Tables  XIII  to  XVII.  Although  the  qualitative 
data  on  molds  does  not  permit  detailed  discussion  of  the  effect  of 
these  microorganisms  upon  depression  of  crop  yield,  it  suggests,  in 
no  small  way,  a  probable  influence  of  these  organisms  upon  soil 
metabolism  not  hitherto  fully  realized.  This  influence  is  not  necessarily 
detrimental  as  implied  by  their  association  with  available  plant  food 
consumption  and  depression  of  crop  yield,  but  a  favorable  influence 
equal  may  be,  at  times,  to  that  of  decay  bacteria,  as  has  been  5?iigr- 
gested  by  the  work  of  Muntz  and  Condon  (47),  Marchal  (48),  and 
recently  by  McLean  &  Wilson  (17).  That  these  organisms  are  quite 
generally  present  in  agricultural  soils  has  been  demonstrated  by  the 
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TABLE  XIII.     YIELD  OF  OATS  AND  THE  NUMBER  OF  BACTERIA  DUE 

TO  DIFFERENT  TREATMENTS 


Treatment  f 

Total 

dry 
weight 

gm. 

Differ- 
ence 
due  to 
treat- 
ment 

Av. 

loss 

due  to 

dext. 

MllUoDs  of  bacteria  per  gm. 

Pot 

No. 

At  be- 
gin- 
ing 

1 

17 
days 

31 
dayi 

45 
days 

59 
days 

73 
days 

87 
days 

100 
days 

1 

No      treatment 

13.9 

0    1        0 

.3      i    1.6        .9 

.8        .6 

1.2        .7 

.8 

2 

No     treatment 

14.3 

0    !        0 

.3           1.1  1      .8 

.8  1      .6 

.9 

.9 

.7 

3 

10  c.c.  soil 
Infuedon 

14.0 

0 

.3           1.7 

1.6 

1.1 

.6 

.7 

.6 

.8 

4 

t» 

14.3 

0 

t)      1      .3      1    1.0 1    1.3 

.8  t       .9 

.7 

.5 

.7 

5 

1    gm.*     dext. 

15. 

+  1 

.3      ;    8.6 

3.1 

2.2 

6.2 

5.3 

3.3 

2.8 

6 

it 

16. 

+  2 

.3       1    9.0 

3.6 

3.1 

7.4 
9.9 

4.4 

4.9 

3.0 

7 

5     gm.     dext. 

14. 

0 

0 

.3      i    9.5  1    -7.7 

3.3 

6.4 

4.4 

2.5 

8 

t» 

14. 

0 

0 

.3       1    9.0  1    5.8 

3.5 

11.2  1    6.1 

3.8 

1.9 

9 

'sd   gm.    dext. 

i>. 

—5             5 

.3       1    9.7  1     7.5 

6.5 

10.8 

10.3 

7.8 

5.2 

10 

tt 

9.' 

—5 

[      5      1      .3      1    9.3  1    8.1 

5.3 

9.9 

9.6 

8.4 

5.0 

11 

All     nutrients 

except 

(NH4)^04 

15. 

+  1 

0 

.3 

4.5 

2.0 

.5 

.4 

.7 

.2 

.4 

12 

«• 

14. 

0       I      0 

.3 

3.1  1    1.3 

.8 

1.3 

1.5 

.8 

1.0 

13 

All     nutrients 

except 

KNOa 

16. 

-f2 

0 

.3 

1 
3.3 

2.3 

1.8 

1.0 
..9 

.4 

.5 

.4 

14 

•< 

15.     . 

-i-l             0             .3 

4.0 

3.1 

1.9 

1.1 

.8 

.7 

15 

All     nutrients 

except 

Ca(H»P04), 

15. 

+  1 

0 

.3 

2.1 

1.1 

1.0 

1.3 

.7 

.7 

.8 

16 

•t 

14. 

+  0       1       0 

.3       1    1.9  1     1.0 

_1.0 
1.7 

.9 

.5 

.3 

.2 

1^ 

FulU  nutrient 
ration  with 
(NH4),S04 
nitrogen 

51. 

+  37 

0 

.3 

4.4 

1.7 

1.0 

2.0 

.4 

.5 

18    ' 

t* 

49. 

-f  :;5 

0 

.3 

5.0 

2.6 

.9       1.3 

1.7 

1.2 

.8 

Id 

Full  nutrient 
ration  with 
nitrate 
nitrogen 

48. 

+  34 

0 

.3 

2.9, 

1.2 

.6 

.5 

.9 

.6 

1.0 

20     : 

<i 

51. 

+  37 

0 

.3 

3.7 

1.0 

1.4  t    1.1 

1.3 

1.8 

1.5 

21 

Pull  nutrient 

ration  ^ith 

phosphorus 

56. 

+  42 

0 

.3 

3.3 

.9 

1.4 

1.1 

1.5 

1.2 

.8 

22 

1 

Phosphorus 
series  using  ni- 
trate   nitrogen 

52. 

+  38 

0 

.3 

3.8 

1.6 

1.2 

1.0 

1.0 

.9 

1.3 

23     , 

< 

All     nutrients 
except 

(Nll4)aS04+ 
30  g.     dextrose 

8. 

+  6 

6 

.3 

9.9 

6.8 

4.6 

6.8 

6.6 

2.0 

1.5 

24 

ft4 

9. 

-  -5              5 

.3 

10.2 

7.5 

5.3 

5.9 

5.3 

2.8 

1.7 

25      ' 

All     nutrients 
except 
HNOa-fSO 
grms.   dextrose 

8. 

1 
—6 

6 

.3 

10.3 

4.1 

5.2 

7.0 

5.8 

3.2 

1.5 

26  1 

<« 

8. 

—6 

6 

.3      '    9.7  ;     6.7 

4.9 

6.5 

5.3      2.6  1 

2.4 

27 

AU     nutrients 

except 
Ca(H^04).-f 
30  gms.  dext. 

9. 

5 

5 

.3 

8.3 

5.4 

3.2 

4.0 

3.9 

3.3 

1.0 

2H     .              "                      10.       I 

—4141 

.3 

9.1  .    5.0 

3.H  1    5.2 

4.0 

2.5 

1.8 

t     Full  Nutrient  Kation— See  Page  364. 

*  Large  number  of  molds  on  plates  from  dextrose  treated  pots,  a  few  on  plates 
frotn  pots  treated  with  straw  and  manure.  Occasionally  one  or  more  on  plates  from 
QtJier   pots. 

I  All  applications  of  dextrose  were  repeated  51   days  after  the  experiment  started. 
All  pots  excepting  1  and  2  received   10  c.c.  of  soil  infusion. 
B  for  total  dry  weight  =  1.1  gm. ;  Maximum  E  =  4  gm. ;  Minimum  :=  .1. 
E  for  total  count  of  Bact.  =  .75  M. ;  Maximum  B  1.9  M. ;  Minimum  =  .047  M. 
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TABLE  XIV.  .  YIELD  OF  OATS  AND  NUMBER  OF  BACTERIA  DUE  TO 

DIFFERENT  TREATMENTS 


Treatment  j| 

Total 

dry 

weight 

gm. 

• 

Differ- 
ence 
due  to 
treat- 
ment 

Av. 

loss 
due  to 
dext. 

Millions 

> 
of  bacteria  per  gm. 

Pot 
No. 

At  be- 
gin- 
ning 

17 
days 

31 
days 

45 
days 

59 
days 

73 
days 

87 
days 

100 
days 

3 

10  c.c.  of  Soil 
InfuBion 

14. 

00 

00 

.3i 

1.7 

1.6 

1.1 

.6 

.7 

.6 

l.S 

4 

it 

14. 

00 

00 

.3 

1.0 

1.3 

.8 

.9 

.7 

.5 

.7 

29 

%    Km, 

(^^^4)aS04 

(R-N)t 

24. 

.3 

3.2 

1.2 

.6 

.8 

1.9 

1.7 

.9 

30 

II 

25. 

10.5 

.3 

4.0 

2.6 

.9 

.7 

1.2 

1.5 

1.1 

31 

%   gm. 
(Nll4)aSO*+ 

(R-N)+30 

gm.   dextrose 

17. 

.3 

15.0 

13.2 

10.0 

21.1 

15.3 

9.1 

6.4 

32 

•1 

19. 

4 

6.5 

.3 

13.0 

12.7 

'    8,7 

22.7 

15.7 

13.0 

5.7 

33 

1   gra. 

(NH4)2S04  + 

(R-N) 

36. 

.3 

2.9* 

1.1 

.4 

.7 

1.3 

1.0 

.7 

34 

41 

34. 

21     1 

.3 

3.9 

1.6 

.7 

.8 

1.2 

1.0 

.5 

35 

1  gm. 
(NH4)aS04  + 
-f  (R-N)+30 
gm.    dextrose 

20. 

.3 

22.7 

20.7 

12.7 

23.9 

19.3 

11.1 

7.1 

36 

II 

21. 

6.5 

14.5 

.3 

23.9 

23.3 

11.6 

23.3 

17,7 

17.7 

6.3 

37 

2  gm. 
(NH4)sS04H- 
(R-N) 

44. 

.3 

4.1 

4.0 

.3 

,    •«! 

1.8, 

1.1 

1.0 

38 

■1 

42. 

29       1 

.3 

3.2 

5.2 

.5 

8.8 

.4 

1.4 

1.9 

1.2 

39 

2  gm. 
(NH4)aS04+ 
+  (R-N)-f30 
gm.    dextrose 

24. 

.3 

23.4 

22.4 

27.7 

23.4 

11.9 

5.7 

40 

ti 

23. 

9.5 

19.5 

.3 

25.6 

22.2 

7.3 

28.7 

20.0 

10.6 

6.9 

41 

3  gm. 

(NH4)aS04+ 
(R-N) 

45. 

.3 

3.1 

1.1 

.2 

.4 

1.2 

1.0 

.8 

42 

I* 

47. 

3.2 

.3 

2.4 

1.5 

.9 

.4 

1.4 

1.3 

1.1 

43 

3  gm. 

(NH4)2S04  + 

(R-N)+30 
gm.    dextrose 

• 

23. 

• 

.3 

27.2 

18.7 

8.0 

28.9 

13.0 

7.7 

7.9 

44 

II 

25; 

10 

22 

.3 

29.9 

17il 

7.6 

29.3 

10.0 

5.1  j 

6.8 

45 

4  gm. 

(NH4).S04  4- 
(R-N) 

53. 

.3 

3.3 

2.0 

.7 

.9 

1,0 

.9 

.4 

46 

•I 

55. 

40       1 

.3 

2.7 

2.7 

.9 

.6 

.7 

.6 

.6 

47 

4  gm. 

(NH4)2S04-f 

(R-N)-f  30 
gm.    dextrose 

26. 

.3 

9.0 

14.4 

5.6 

.10.4 

16.7 

6.4 

8.1 

48 

<< 

26. 

12 

28' 

.3 

32.4 

16.2 

8.7    33.5 

15.3 

6.7 

6.1 

49 

5.0  gm. 

(NIl4)2S04  + 

(R-N) 

51, 

.3 

2.6 

1.5 

.7 

.7 

1.6 

1.6 

1.3 

50 

11 

49. 

36 

.3 

3,8 

ri.9' 

.3 

.9 

1.1 

1.7 

1.5 

51 

5.6   gm. 

(NIl4)2S04  + 

(R-N)-|-30 
gm.    dextrose 

38. 

.3 

31.2 

19.1 

1  11.2 

"36.5 

• 

13.3 

4.9 

4.6 

$  The   application   of   dextrose   was    repeated    51    days   after   experiment   started. 
All  pots  received  10  c.c.  of  soil  infusion. 

♦   In    recording    total    dry    weight,    quantities    leas    than    1    gram    were    recorded    to 
the  nearest  gram,  thus  :   14.1  gm,  score.s  14  gm.  and  13.9  gm.  becomes  14.  gm. 
X    (R-N)    =    Ration   minus   nitrogen. 

-t  K.  for  total  dry  weight  =   1.73  gm.  Maximum  E   =   3  gm.  Minimum   =   1    gm. 
i  E.  for  total  count  of  Bact.   =   .96  M.  Maximum  =   2.1  M.  Minimum   ==   .35  M. 

(Continued  on  next  page) 
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TABLE  XIV.     (Gontinued) 


Treatment  f 

Total 

dry 
weight 

gm. 

Differ- 
ence 
doe  to 
treat- 
ment 

Av. 

loss 

due  to 

dext. 

Millions  of  bacteria  per  ^m. 

Pot 
No. 

At  be- 
gin- 
ning 

17 
days 

31 
days 

45 
days 

59 
days 

73       87 
days  days 

100 
days 

52 

•* 

m. 

23 

13 

.3 

29.7 

20.2 

9.1  1  34.7 

11.7      5.1 

6.0 

53 

6  gm. 

(NH«),S04  + 

(R-N) 

48. 

.3 

4.1 

1.0 

• 

.6 

t 
.7 

1.1 

1.0 

1.1 

54 

it 

45. 

32.5 

.3 

3.8 

.8 

.7 

8.0 

1.2 

1.3 

1.3 

55 

8  gm. 
(Nn4).S04+ 
(R-N)+30 
Km.    dextrose 

35. 

.3 

29.0 

16.4 

6.8 

34.4 

10.7 

5.9 

6.3 

56 

>t 

38 

22.5 

1    10.0 

.3 

30.1     15.7 

7.0  1  37.71 

9.4  1    5.2 

6.5 

S  The  application  of  dextrose   was  repeated  51  days  after  experiment  started. 

All  pots  recelTed  10  c.c.  of  foil  infusion. 

*  In    recording   total    dry    weight,    quantities    less    than    1  gram    were    recorded    to 

the  nearest  gram,  thus :  14.1  gm.  scores  14  gm.  and  13.9  gm.  becomes  14  gm. 
t   (R-N)    :=   Ration  minus  nitrogen. 

E  for  total  dry  weight  =  1.73  gm. ;  Maximum  E  =  3  gm. ;  Minimum  :=  1  gm. 
E  for  total  count  of  Bact.  =  .96  M. ;  Maximum  =  2.1  M. ;  Minimum  :=  .35  M. 
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TABLE  XV.     YIELD  OF  OATS  AND  NUMBER  OF  BACTERIA  DUE  TO 

DIFFERENT  TREATMENTS 


Treatment  f 

Total 

dry 
weight 

gm. 

Differ 
ence 
:  due  to 
treat- 
ment 

-     Av. 

loss 
)  due  to 
dext. 

Millions  of  bacteria  per  gm. 

Pot 
No. 

)    At  be- 
gin- 
Ing 

1          t 
17       31       46       69       73       87 

days  days  days  days  days  days 

'                    1 

• 

100 
1  days 

1 

10  c.c.  of  soil 
InfusloD     

14. 

00 

.4 

1.9  1    1.6 

.8 

.6 

1.2 

1.0 

1.0 

2 

«• 

14. 

00      1 

.4    1    1.8  1    2.1 

.8  1      .6 

1.9 

1.3  1       .7 

3 

2  gm.   KNO«-f 
(R-N) 

48. 

.4 

1 
1.8      1.9 

1.0 

1.7 

1.1 

1.5 

.4 

4 

ii 

51. 

35.3 

.4    1    2.0  1    1.1 

1.8 

1.1 

1.6 

1.3  1       .9 

5 

2  gra.   KNOs-f 

fR-N)+    30 
gm.    dextrose 

23. 

.4 

1 

12.2    10.0 

8.1 

17.5 

16.9 

10.7 

6.3 

6 

tt 

25. 

10.0 

25.5 

1         .4     1  10.^      9.0 

6.    ,21.4 

14.2    14.5  1    9.0 

7 

3gm.  KNO«+ 
(R-N) 

60. 

.4 

1.9      1.0 

1.0  j      .9 

1.3        .9 

.5 

8 

li 

53. 

1    37.5 

.4     1    2.3      2.7 

.9  !       .8      1.0  ;      .7         .6 

9 

3gm.  KNO,+ 
(R-N)+   30 
gm.    dextrose 

24. 

.4 

10.7  :  10.1 

7.4  i  23.7 

21.5 

19.1 

11. 

10 

4* 

24. 

10.0 

27.5 

.4    1  16.0    11.0 

9.2  ,  25.1 

20.6 

15.0  1    5.0 

11 

4gm.  KNOa+ 
(R-N) 

52. 

.4 

.9      1.1 

1.4 

1.0 

1.2 

.5 

1.1 

12 

tt 

61. 

37.5 

.4    1     1.1  1     1.1 

1.2        .7 

1.0 

.6 

.6 

13 

4gm.  KN08+ 
(R-N)H-   30 
gm.    dextrose 

32. 

.4 

9.21    7.2 

7.1 

28.2 

23.7 

11.2 

8.S 

14 

tt 

28. 

16 

21.5 

.4    I  11.4  1  11.7 

6.t) 

27.0  1  25.1 

9.1      8.2 

15 

1 

5gm.KNO«+ 

(R-N)  + 

48 

.4 

.9      1.1 

,7 

1.2 

1.8 

1.7 

1.0 

16 

t( 

49. 

34 

^        .4  ■ 

1.1      1.4 

1.0 

2.1 

2.2      1.5 

.8 

17 

5  gm.  KNO.-t- 

(R-N)-l-    30 

gm.    dextrose 

28. 

.4 

11.1    10.7 

9.7 

29.2 

21.5 

11.0 

5.7 

18 

(t 

30.       1 

15. 

19.5 

.4     1  11.6    12.4  1 

5.1  i  27.7 

27.0  1  13.3  1 

8.4 

19 

6gm.  KNOs+ 
(R-N) 

48. 

.4 

1.0  i      .7 

.4 

.9      1.1        .6 

.4 

20 

tt 

47 

33.5 

.4           .7         .7 

.6 

1.7      1.5!      .8        .5 

21 

6gm.  KN08+ 

(R-N)+    30 

gm.   dextrose 

41. 

.4 

10.1      9.2 

4.4 

28.7 

11.0 

4.7 

3.5 

22 

It 

16.* 

27 

6.5 

.4    1    4.7      5.1 

2.2 

1.9 

1.9      2.0 

1.0 

23 

7  gm.  KNOa+ 
jGR-N) 

33. 

.4 

1 
.5  1       .4 

.7 

1.1 

.9 

.6 

.4 

24 

^    „ 

31. 

27 

.4           .7  i       .8 

.7         .6J 

.4 

.5 

.7 

25 

7gm.  KNOa-f- 

rR-N)+   30 

gm.    dextrose 

35. 

.4 

1 
13.3      9.2 

1 

6.0 

33.7 

30.4 

11.4 

6.1 

26 

37. 

22.0 

5.0 

.4 

11.2      8.1 

7.1  i  29.8  1 

30.4'    9.0  J 

7.2 

27 

8.7  gm.  KNO, 
+  (R-N) 

30. 

.4 

1.0         .4 

.2 

.6 

.6 

.6 

.5 

28 

tt 

30. 

.4 

1.0  ;        .4  1 

.i 

.6        .6 

.6 

.5 

29 

8.7  gm.  KN08+ 

(R-N)+    30 
gm.    dextrose 

38. 

.4 

9.4 

7.4 

6.5 

34.3 

11.4 

8.7 

7.0 

30 

it 

38.       1 

2.4 

8 

.4     1    8.H      7.9 

7.1 

36.7  J  10.2      6.9  1 

5.8 

S  All  pots   received   10  c.c.  of   soil   infusion. 

*  Results  not  Included  in   E.     AH  applications  of  dextrose  were  repeated   50   days 
after   experiment   started. 

4-.  B  for  total  dry  weight  =1.64  gm.    Maximum  E  =  4  gm.     Minimum  R  =  1  gm. 

-f.  B  for  total  count  Bact.  =   .55  M.  Maximum   =   .91   M. ;  Minimum   =   .097   M. 
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work  of  Jensen  (49)  and  by  Oudemans  and  Koning,  Adametz,  Hagem 
and  Dale,  as  reported  by  Goddard  (50).  While  Goddard's  own  work 
on  nitrogen  fixation  by  fungi  and  the  work  of  others  summarized  by 
him  on  the  same  subject  seems  to  negate  the  value  of  these  organisms 
as  fixers  of  free  nitrogen,  it  does  not  follow  that  they  do  not  materi- 
ally affect  decomposition  process  in  the  soil.  Prom  the  results 
of  McBeth  &  Scales  (51)  and  the  literature  cited  by  them  and  the 
more  recent  work  of  Scales  (52)  on  the  action  of  soil. fungi,  it  is 
probable  that  they  are  often  the  first  agents  of  destruction*  of  such 
soil  organic  matter  which  contains  a  high  percent  of  cellulose**, 
particularly  lignified  and  woody  plants  (53).  The  method  of  isolating 
and  studying  these  organisms  as  used  by  the  above  investigators 
suggests  that  in  the  presence  ot  cellulose  these  organisms  may  utilize 
available  plant  food.  The  writer  wishes  to  reiterate  the  statement 
previously  made  regarding  the  futility  of  attempting  to  correlate 
soil  fertility  with  the  physiological  activities  of  bacteria  only. 

Some  quantitative  work  done  by  students  at  the  North  Dakota 
Agricultural  College,  under  the  supervision  of  the  writer,  showed 
that  an  agar  medium  containing  the  same  nutrient  salts  as  in  media 
1  with  tartaric  acid  as  a  source  of  energy,  and  plated  by  the  above 
dilution  method  gave  as  an  average  of  11  fields  of  Fargo  clay  the 
following  counts ^of  Aspergillius  and  Pencillium  per  gram  of  soil: 

Aspergillius     340.000 

Pencillium 710.000 

These  are  by  no  means  the  only  fungi  in  the  soils  as  is  indicated 
by  qualitative  work.  Neither  do  they,  in  my  opinion,  represent  a 
maximum  of  connidia  for  these  genera. 

Owing  to  the  foregoing  facts,  the  writer  does  not  attempt  to 
hold  the  bacteria  responsible  for  the  entire  results  that  transpired 
in  the  sand  of  the  following  tests. 

•Bibliography  (51)  pages  41  to  43. 

••Consult  the  literature  cited  by  McBeth  and  Scales.   (51) 
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TABLE  Xyi.     YIELD  OF  OATS  AND  NUMBER  OF  BACTERIA  DUE  TO 

DIFFERENT  TREATMENTS 


Treatment's 

Total 

dry 
weight 

gm. 

Differ- 
ence 
due  to 
treat- 
ment . 

Av. 

loss 

due  to 

dext. 

Millions 

of  bacteria  per  gm. 

Pot 
No. 

At  be- 
gin- 
Ing 

17       31       45 
days  days  days 

59       73 
days  days 

87 
days 

100 
days 

1 

10  c.c.  soil 
infusion 

14. 

00 

00 

•  Tt 

1.9 

1.6 

.8 

.6 

1.2 

1.0 

1.0 

2 

•( 

14. 

00 

00 

•  » 

1.9 

1.6 

.8 

.6  1    1.2 

1.0 

1.0 

31 

H  gm. 
Ca(H,P04)s+ 
(R-P)* 

36. 

00 

•  « 

1.8 

1.0 

1.1 

.9 

.   .3 

1.1 

.4 

32 

t( 

39. 

23.5 

00 

•  ?B 

1.7 

1.2 

1.3 

.8 

.7 

1.5 

.9 

33 

Ca(H,?04)j+ 

( R-P) +30 
gm.    dextrose 

20. 

m 
•  9 

10.4 

9.1 

4.4 

21.4 

11.4 

7.3 

6.5 

34 

(« 

21. 

6.6 

17.0 

•  Y 

12.2 

7.8 

5.3  1  27.3 

9.9  1    7.9 

5.8 

35 

1  gm. 
Ca(lf,P04),+ 
(R-P) 

50. 

- 

.4 

2.1 

2.0 

1.5 

1.0 

1.3 

1.7 

1.6 

36 

ti 

49. 

1    34.5 

•ft 

3.1 

1.8 

1.3  1    1.2 

1.0 

1.5 

1.7 

37 

1  gm. 
Ca(H2P04),+ 

(R-P)  4-30 
gm.    dextrose 

25. 

■  ^* 

12.5 

11.1 

5.6 

29.9 

21.0 

11.0 

9.2 

38 

t( 

24. 

10.5 

24.0 

A 

•  * 

13.0 

10.9 

6.7  1  31.2  1  22.0  1    7:5 

8.1 

39 

2   gm. 
Ca(H9P04)«+ 
(R-P) 

51. 

.4 

1.3 

1.2 

1.0 

1.0 

.7 

.7 

-5 

40 

«• 

48. 

35.5 

•  4 

1.3  1 

1.7 

.4  1    1.9 

.9 

.6 

.      .4 

41 

2  gm. 
Ca(H,P04)a+ 

(R-P) -f  30 
gm.    dextrose ' 

33. 

•  « 

11.0 

7.8 

4.9 

33.7 

17.9 

7.6 

6.9 

42 

•1 

39. 

22.0 

13.5 

•  ?B 

13.3 

9.9 

5.4  1  34.4 

22.4 

11.2 

8.8 

43 

3  gm. 
Ca(H,P04)s+ 
(R-P) 

60. 

.4 

3.1 

1.4 

.6 

1.3 

1.7 

1.0 

.7 

44 

t< 

49. 

35.5 

»^ 

3.8 

1.8 

1.0      1.0 

1.8 

1.0 

.3 

45 

3  gm. 
Ca(H8P04)2  + 

(R-P) +30 
gm.    dextrose 

38. 

•  ?B 

9.6 

7.7 

4.3 

38.7 

22.2 

9.6 

7.4 

46 

<< 

36. 

23.0 

12.5 

•  * 

10.7 

7.6 

5.7  1  36.3 

23.8 

13.5 

11.5 

47 

4  gm. 
Ca(lf,P04)a+ 
(R-P) 

56. 

•  « 

4.3 

2.5 

2.5 

1.6 

1.4 

1.0 

0.7 

48 

<i 

52. 

40.0 

•  » 

1.9 

1.1 

.8 

1.1 

1.6 

1.7 

1.3 

49 

4  gm. 
Ca(H2P04)2+ 

(R-P) +30 
gm.    dextrose 

38. 

•  * 

10.5 

5.0 

5.1 

30.1 

19.7 

7.5 

6.6 

50 

<i 

36. 

23.0 

17.0 

*TZ 

10.7 

9.8 

4.8 

28.5 

23.2 

11.3 

8.1 

51 

5   gm. 
Ca(II,P04),+ 
(R-P) 

54.0 

•  * 

2.9 

1.7 

1.1 

1.3 

1.7 

1.4 

1.3 

52 

t« 

51. 

38.5 

•  ^B 

1.8 

1.0 

.6 

.7 

.8 

.5 

.3 

53 

5  gm. 
Ca(H8P04)2+ 

(R-P) +30 
gm.    dextrose 

39. 

.4 

10.1 

6.3 

5.5 

27.9 

15.5 

9.2 

8.6 

•   (R-P)    =  Ration  minus  phosphorus. 

S  All   applications   of   dextrose   ropeated    50   days   after   experiment    started. 
.\11  pots  received  10  c.c.  of  soil   infusion   at  the   beginning. 
B  for  total  dry  weight  =  2.6  gm.    Maximum  E  ==   6  gm.    Minimum  B  =    1  gm. 
_  B  for  total  count  Bacteria   —.  .33  M.    Maximum   E   =   1.15  M.     Minimum    R    = 
.05  M. 

(Continued  on  next  pafte) 
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TABLE  XVI.     (Continued) 


Treatment  8 

Totil 

dry 
weight 

gm. 

DiflPer- 
ence 
due  to 
treat- 
ment 

Av. 

loss 

due  to 

dext. 

Millions 

of  bacteria 

per  gm. 

Pot 
No. 

At  be- 
gin- 
ning 

17 
days 

31 
days 

6.0 

45 
days 

59 
days 

7S 
days 

21.4 

1 

87 
days 

100 
days 

54 

«4 

42. 

26.5 

12.0 

.4 

9.2 

4.8 

33.5 

11.7 

7.2 

55 

6   gm. 
Ca(H;P04),+ 
(R-P) 

52. 

.4 

2.3 

2.2 

2.0 

2.3 

.7 
1.5 

.9 

.6 

56 

•1 

55. 

39.5 

.4 

3.4 

2.3 

1.5 

1.8 

1.4 

1.1 

57 

6  gm. 
Ca(H,P04)2+ 

(R-P)+30 
gm.    dextrose 

33. 

- 

.4 

13.3 

7.7 

3.9 

31.9 

12.2 

9.5 

7.3 

58     i 

«• 

39. 

"22.0 

17.5 

.4 

14.1 

8.7 

6.8 

35.0 

19.6 

10.9 

6.4 

•    (R-P)    =    Ration   minus   phosphorus. 

S   All    applications    of    dextrose    repeated    50    days    after    experiment    starred. 

All    pots    received    10    c.c.    of    soil    Infusion    at    the    beginnipjr. 
^  G  for  total  dry  weijrht  ==  2.6  gm.  Maximum  E  =:  6  gm.  Minimum  B  ra  1  gm. 
-fa   £)  for  total  count  Bacteria   =   .33  M.  Maximum  E.    =    1.15   M.   Minimum   ta   =.- 
.05   M. 
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TABLE  XVII.     YIELD  OP  OATS  AND  NUMBER  OF  BACTERIA  DUE  TO 

DIFFERENT  TREATMENTS 


I  All  pots  received  10  c.c.  of  Poll  infusion. 

•  Compare  with  nitrate  controls  Pots  No.  19  and  20.    Table  XIV. 

"   Probably  an   error  in  analysis. 

t  Compare   with   ammonia   controls.    Pots  No.    17   and   18. 

W.  R.  M.  =  Well  rotted   manure. 

P.  H.  M.  =   Fresh   Horse   Manure. 

4-,  E  for  total  dry  weight  =  1.44  gm.    Maximum  E  =  5  gm.    Minimum  B 

"^  B  for  total   counts   Bact.  =  .47  M. ;   Maximum  E  =  .77  M. ;   Minimum  E 

t  Gain. 

(Ck»ntlnued  on  next  pafte) 


^ 

• 

Treatment  f 

Total 

dry 
weight 

gm. 

Av. 

Differ 
enco 
due  to 
treat- 
ment 

Av.  loss  due  to 
energy  ma- 
terial. 

^ 

Millions    of    bacteria    per   j 

g^m. 

Pot 
No. 

At  be- 
gin- 
ning 

17 
days 

31 
days 

1 
1 
45   '    59  1    73 
days  days; days 

S7 
days 

lOO 
days 

1 

10  c.c.  soil 
infusion 

14. 

.4 

1.9 

1.6 

1 
.8        .6      1.2 

•    1.0 

1.0 

2 

•  • 

14. 

1 

t        .4 

1.8      2.1 

.8         .6      1.9 

1.3 

.7 

51) 

120  gm.  W.  H. 
M.  5  c.c.  72  hr. 
culture  B.  my- 
coides  30  gm. 
dextrose 

32. 

■ 

.4 

19.0 

6.0 

4.0 

1 

i 

'     2.2    20.0 

15.0 

t 

15.1 

60 

.« 

1    33. 

1    18.5 

2.0 

.4 

13.0  1    8.0 

6.1  ;     2.7  :  19.0 

14.0 

!  11.51 

61 

120  gm.  W.  R. 
M.  5  c.c.  72  hr. 
cult,    my  coides 

87. 

19i.O 

6.3 

6.3  '   6.0 

5.5 

5.2 

4.9 

62 

ti 

35. 

20.5  ■ 

1 

.4 

11.0  1    7.9 

8.1  1    7.0 

6.5 

6.0 

5.5 

6;^ 

120  gm.  W.  R. 

M.-f-(R-N) 

35. 

.4 

17.3 

15.9 

1 
12.3    11.1 

11.2 

8.7 

8.7 

64 

•  • 

35. 

21.0 

.4 

21.0    18.4 

13.3  1  12.0  1  10.9 

9.6 

7.4 

65 

120  gm.  W.  R. 

M. +(R-N)  + 
150  gm.    straw 

33. 

.4 

5.1 

6.3 

5.8 

4.7 

5.9 

7.2 

e.6 

66 

>• 

32. 

18.5 

2.6 

.4 

7.5 

6.9 

6.3 1    6.9      6.0 

5.7 

5.8 

67 

120  gm.  W.  R. 
M.  +  150  gm. 
straw 

31.      : 

.4 

5.3 

4.7 

4.8 

4.3 

3.8 

4.2 

3.3 

68 

»» 

31. 

17.0 

t4 

.4 

4.4 

4.9 

5.0  1    4.6 

4.1 

3.9 

3.7 

69 

120  gm. 
W.    R.    M. 

27.* 

.4 

9.9 

8.6 

6.4 

6.5 

6.0 

4.2 

4.1 

70 

•  4 

27. 

13.0 

.4 

10.7  1    9.3 

7.1  1    6.7 

5.8 

6.7 

5.3 

^  71 

204    gm. 
F.    H.    M. 

27. 

.4 

13.7 

11.2 

7.6'    6.0 

6.1 

5.2 

4.2 

72 

<> 

22. 

10.5  1 

1 

.4 

15.8  i  15.3 

9.9  1    7.3 

5.3 

4.4 

2.7 

73 

204  gm.  F.  U. 
M.  -{-150   gm. 
straw 

27. 

.4 

10.2 

5.4 

6.7 

6.0 

4.3 

,   4.4 

4.3 

74 

t» 

26. 

12.5 

t2       1 

.4 

8.1       7.3 

7.0  1    6.3 

6.1 

5.4 

5.2 

75 

204  gm.  F.  H. 
M.-f-(R-N) 

24. 

.4 

16.7 

14.4 

6.3 

6.4 

5.8 

5.5 

5-2 

76 

■  ■ 

27. 

11.5  1 

1 

A 

15.4    15.1 

11.0      7.7      4.1 

4.1 

3.9 

77 

204  gm.  F.  H. 
M.  -f(R-N)-f 
150  gm.     straw 

1 
25. 

A 

11.9 

11.0 

7.6'    5.3 

5.5 

5.4 

5.1 

78 

tt 

23. 

10.5 

1.0   1 

A 

"8.3 

13.2 

9.2  -     7.8  1     4.9 

4.9 

4.7 

79 

204  gm.  F.  H. 

M.  8.7  gm. 
KNOa-f    150 

gm.    straw 

14. 

A 

17.4 

15.5 

15.7 

15.3 

11.2 

7.6 

7.7 

80 

<i 

12. 

loss  of 
1  gm. 

17* 

A 

19.1 

» 

14.9 

15.1 

14.4 

9.9 

8.5 

6.4 

81 

8.7  gm. 
KNOg-f    150 
gm.    straw 

30. 

.4 

6.2 

5.5 

4.6 

7.2 

7.3 

6.8 

6.5 

82 

»4 

30. 

16.0 

0 

A    1 

5.9 

5.9 

5.11    6.1 

7.8 

6.3 

5.3 

88 

]  50  gm.     straw 

24. 

^ 

A     1 

1.0 

1.3 

1.2  1  .2.2i     4.2  J 

3.7 

4.1 

=  1  gm. 
=  .017  M. 
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TABLE  XVII.     (Continued) 


1 
1 

1 

Total 

dry 
weight 

gm. 

Av. 

Differ-*' 

ence 
due  to 
treat-  1 
ment  i 

Av.  loss  due  to 
energy  ma- 
terial. 

Millions   of    bacteria   per   gm. 

1 

Pot   ,      Treatment  8 
No. 

i 

1 

At  be 
gin- 
ning 

17 
days 

31 
days 

45 
days 

59 
days 

73 
days 

87 
days 

100 
days 

84 

26. 

,    11.0 

til 

.4 

.7 

1.1 

1.7 

3.4  1    3.9 

4.4 

5.0 

&5 

5.6  gm. 

(NH4),S04+ 
150  gm.     straw 

1 
26.       1 

4.4 

5.0 

4.7 

6.3 

8.2 

7.7 

6.6 

86 

25. 

11.5  1 

t38.5 

5.3 

5.8  i    5.8 

6.1 

9.2 

5.8 

7.2 

87          8.34  gm. 
casein -f(R-N) 

43. 

17.6 

14.3      9.4 

4.4 

3.6 

3.7 

2.8 

88    , 

47. 

31       ' 

.4 

16.8  1  12.1  1    7.2  1    5.1  1    3.0 

2.9 

8.1 

89 

8.34  gm. 
casein-}-  (UN) 
-f-30gm.    dext. 

26. 

1 
1 

55.4 

22.9 

• 

13.7 

46.9 

19.0 

9.2 

4.4 

90 

27. 

12.5 

18.5 

.4 

41.3 

31.0    11.4  i  61.4  1  28.0 

8.3 

3.1 

91          8.34  gm. 
+  (R-N)-f 
,  150  gm.     straw 

30. 

1 

w 

10. 

i 

1 

15.0    14.1  1    9.6 

5.5 

3.3 

3.2 

92 

tt 

29. 

15.5   . 

15.5 

.4 

13.1 

13.9  .  10.2  1    9.1  1    7.2 

4.1 

2.9 

=  1  gm. 
=  .017  M. 


I   All   pots   received   10   c.c.   of   soil  infusion. 

•  Compare  with   nitrate   controls   I*ots   No.    19   and   20.     Table  XIII. 

*  Probably    an   error   in    analysis. 

t   Compare  with   ammonia  controls.     Pots  No.   17   and  IS.     Table  XIII. 
W.   R.   M.   =    Well   rotted   manure. 
F.  H.  M.  =  Fresh  Horse  Manure. 

^  R  for  total  dry  weight  =  1.44  gm.  Maximum  K  =  5  gm.  Minimum  K 
'-t  B  for  total  counts  Bact.  =  .47  M. ;  Maximum  E  =  .77  XI. ;  Minimum  E 
t   Gain. 

THE   POT   TESTS— THEORIES   AND    DISCUSSIONS. 

In  or(Jer  to  make  the  results  in  tables  XIII  to  XVII  conclusive, 
ciuautitative  analysis  should  have  been  made  on  the  ammonia  and 
nitrate  nitrogen,  phosphorus  and  dextrose  of  the  respective  series. 
This,  however,  would  have  imposed  more  work  than  was  possible 
along  with  the  bacterial  estimations. 

In  discussing  the  foregoing,  it  will  be  attempted  to  present  each 
series  so  as  to  compare  the  effect  of  treatment  upon  the  yield  of  oats 
and  on  the  bacterial  counts. 

Tables  XIII  contains  the  controls.  It  was  the  purpose  of  these 
controls  to  determine  the  effect  of  the  sand,  its  flora  and  chemical 
content  upon  both  crop  and  l)acterial  development.  In  pots  No.  1 
and  2,  may. be  noted  the  effect  of  the  untreated  sand  upon  yield  and 
development  of  bacteria  under  green-house  conditions.  The  yielding 
power  of  the  untreated  sand  was  14  grams  of  dry  matter  per  pot. 
Accompanying  this  we  note  a  bacterial  development  that  at  no 
analysis  exceeded  more  than  1.6  millions  of  bacteria  per  gram.  The 
oats  in  pots  one  and  two  were  apparently  free  from  disease  through- 
out the  experiment.  A  spindling  growth  and  light  green  color, 
however,  was  ample  evidence  of  insufficient  nutrition.  Yet  there  was 
still  sufficient  material  in  the  soil  to  support  an  increased  bacterial 
growth  of  from  two  to  five  times  the  number  present  at  the  beginning. 
These  results  may  be  regarded  as  due  to  the  inherent  physical, 
chemical  and  biological  properties  of  the  quartz  sand  under  green- 
house conditions.  It  may  be  assumed  that  variations  from  these 
results  were  due  40  treatment.     The  results  of  pots  3  and  4  differ 


376 

» 

from  pots  1  and  2  by  a  slight  increase  in  weight  of  dry  matter  and 
an  increase  in  the  number  of  bacteria.  The  increase  in  dry  weight  is 
less  than  the  value  of  the  experimental  error.  Therefore,  within 
the  limits  of  the  methods  used,  the  only  effect  of  the  addition  of  an 
infusion  of  soil  bacteria  was  to  cause  an  increase  in  the  iiumber  of 
bacteria.  Theoretically,  the  increase  in  the  number  of  bacteria  might 
lead  to  one  of  the  following  results.  First:  an  increase  in  the  number 
of  bacteria  might  result  in  an  increase  in  the  amount  of  available 
plant  food,  in  which  case  it  should  be  registered  as  a  distinct  increase 
in  yield  of  oats.  Second:  the  increase  in  the  number  of  bacteria 
might  result  in  an  increased  consumption  of  available  plant  food  by 
the  bacteria  which,  if  long  continued,  should  be  registered  as  a 
decrease  in  yield  of  oats,  providing  there  was  not  sufficient  material 
for  the  nutrition  of  both  bacteria  and  oats.  Third:  the  increase 
in  the  number  of  bacteria  and  consumption  of  plant  food  by  them 
would  continue  as  long  as  excess  energy  was  available,  after  which 
there  would  be  an  increased  liberation  of  plant  food  due  to  the  in- 
creased number  of  bacteria  acting  on  nitrogenous  matter  with  a 
lower  ratio  of  energy  to  nutrients.  If  the  excess  energy  were  ex- 
hausted late  in  the  experiment,  a  decrease  in  the  yield  of  oats  similar 
to  the  second  theoretical  consideration  might  be  expected.  Tf  the 
excess  energy  were  exhausted  early  in  the  exp'eriment,  there  might  be 
expected  an  increase  in  yield  similar  to  the  first  theoretical  consider- 
ation. However,  we  are  dealing  with  such  a  small  quantity*  of 
nitrogen  (approximately  .6875  gm.  total  nitrogen),  that  either  theoreti- 
cal consideration  the  first  or  the  third  would  answer.  The  apparent 
rate  of  growth  throughout  the  experiment  was  so  meager  that  obser- 
vation failed  to  note  retarding  or  accelerating  influences;  therefore, 
for  the  purposes  of  this  experiment  the  application  of  10  c.c.  of  a 
(1  to  5)  soil  infusion  may  be  regarded  as  without  influence  upon 
the  yield  of  oats.  In  making  comparisons  of  yield  with  other  treat- 
ments either  pots  one  and  two,  or  three  and  four,  may  serve  as 
a  basis,  but  pots  3  and  4  must  be  the  basis  of  comparison  for  bacterial 
changes.  For  this  reason  pots  3  and  4  will  be  used  for  comparisons 
of  both  yield  and  bacterial  changes. 

Pots  5  and  6  received  1  gram  of  dextrose  at  the  beginning  of  the 
experiment  and  51  days  later  a  second  application  of  1  gram.  Ay)- 
parently  there  was  a  slight  increase  in  yield.  This  increase  was  less 
than  the  value  of  experimental  error  for  the  series.  If  it  had  not 
been  for  the  second  application  of  dextrose,  there  might  have  been 
a  distinct  increase  in  yield  and  support  of  the  results  obtained  on 
stimulation  of  ammonification  with  .05%  dextrose  in  the  presence 
of  casein  as  shown  in  Table  VIT.     However,  here,  too,   a   limited 

*The   14   grams  oats   analyzed   1.11%   nitrogen.     The   total   nitrogen    present 

was  approximately  .6875  grams.     Therefore  i6875_rr  ii^  %.^11>  —     .0000293 

18120  g 

gm.  N  per  100  grams  of  soil  or  .00293%. 

It  is  interesting  to  note  in  this  connection  that  the  percent  of  nitrogen  in 
the  crop  of  oats  increased  as  the  quantity  of  nitrogen  in  the  pots  increased. 
For  example,  Pots  1  and.  2-3  and  4  contained  1.11%  while  in  those  pots  con- 
taining 8.7  grams  of  KNO.^  the  %  of  nitrogen  in  the  pots  was  2.81%.  This 
agrees  with  the  results  obtained  by  Lipman  and  associates. — Bull.  257,  New 
Jersey   Experiment  Station. 
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quantity  of  plant  food  was  present  so  that  the  nitrogen,   at  least, 
was  withdrawn  to  a  low  limit  of  dilution. 

The  influence  of  the  one  gram  applications  of  dextrose  was 
distinctly  visible  on  the  bacterial  numbers;  there  was  a  marked  rise 
in  numbers  after  each  application,  followed  by  rather  sharp  declines. 
The  rise  in  numbers  was  evidently  due  to  dextrose  furnishing  energy. 
This  increase  in  the  number  of  bacteria  to  7  or  8  millions  must 
result  either  in  the  assimilation  of  considerably  more  plant  food  or 
in  the  destruction  of  more  nitrogenous  matter  than  took  place  in  pots 
3  and  4.  In  either  case  the  amount  of  organic  material  transformed 
into  bacterial  organic  matter  was  greatly  increased.  Even  at  the  end 
of  the  experiment  there  was  from  three  to  four  times  as  much  living 
bacterial  organic  matter  as  in  pots  3  and  4.  There  were  probably  con- 
siderable numbers  of  dead  and  inert  bacterial  cells  in  the  sand,  of 
which  the  count  gives  no  record.  According  to  the  theory  previously 
advanced  there  should  have  been  either  a  marked  increase  or  decrease 
in  oat  yield  compared  with  pots  3  and  4,  but  it  is  possible  that  the 
presence  of  dextrose  enabled  the  microorganisms  to  split  off  nitrogen 
from  the  more  inert  nitrogenous  compounds  within  the  sand  and 
thus  secure  the  necessary  nitrogen  without  materially  affecting  the 
limited  amount  left  over  for  the  plants.  The  question  naturally  arises 
did  nitrogen  fixation  take  place  in  the  presence  of  the  dextrose? 
Total  analysis*  of  the  nitrogen  removed  by  the  oats  and  that  which 
remained  w^ithin  the  sand  shows  there  was  no  increase  in  nitrogen.  With 
pots  7  and  8  where  5  grams  of  dextrose  was  added  there  was  apparent- 
ly no  effect  upon  yield  or  rather  such  influence  as  was  exerted  was  not 
registered  in  yield  of  oats,but  there  was  a  distinct  influence  upon 
the  numbers  of  bacteria  (27).  The  5  grams  of  dextrose  acted  in 
apparently  the  same  way  as  1  gram.  On  the  other  hand,  with  30 
grams  of  dextrose  there  was  a  sharp  decrease  in  yield  (25),  approxi- 
mately 34%.  Prom  the  data  of  pots  9  and  10. we  may  draw  the 
following  conclusions:  Either  there  was  no  assimilation  of  available 
plant  food  with  the  1  and  5  gram  applications  of  dextrose,  or  the 
period  of  assimilation  was  so  short  that  the  greater  number  of  bac- 
teria thus  induced  was  able  to  replace  the  plant  food  absorbed 
after  the  excess  energy  had  disappeared.  (See  Table  VII).  When 
30  grams  of  dextrose  was  used,  there  was  not  sufficient  time  after 
its  disappearance  for  the  nutrients  in  excess  of  bacterial  requirements 
to  accumulate  for  plant  use.  This  line  of  reasoning  is  further  ex- 
emplified from  the  competitive  point  of  view  by  the  bacterial  counts. 
From  45  to  50  days  after  the  application  of  1  or  5  grams  of  dextrose 
the  number  of  bacteria  had  dropped  to  3.5  millions  or  less,  whereas 
with  30  grams  of  dextrose  5.3  was  the  lowest.  This  indicates  that 
more  of  the  plant  food  was  locked  up  in  living  bacterial  bodies.  This 
line  of  reasoning  is  not  infallible  because  of  the  unknown  number 
of  dead  or  inert  bacterial  cells  or  of  the  cells  of  other  microorganisms 
that  may  be  present  where  the  fewer  active  bacteria  are  found. 

There  is  one  other  point  in  connection  with  the  results  from 
30  grams  of  dextrose.  The  30  grams  of  dextrose  caused  apparently 
no  greater  number  of  bacteria  than  the  one  gram.     The  5  grams  has 

•The  data  was  not  indnded  in  the  tables  on  account  of  lack  of  space. 
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a  slight  advantage  over  either.  This  might  be  explained  by  the 
assumption  that  the  30  grams  was  creating  an  unfavorable  osmotic 
condition,  while  the  optimum  condition  lay  somewhere  between  1 
5  and  30  grams.  In  view*  of  the  fact  that  only  a  limited  amount 
of  nitrogen  was  present  in  the  soil,  it  is  probably  that  nitrogen  or 
some  other  food  element  was  the  limiting  factor  to  bacterial  multi- 
plications. For  confirmation  of  this  view  note  the  nuYnber  of  bacteria 
where  30  grams  of  dextrose  is  used  with  abundant  ammonia,  manure 
or  casein  nitrogen  and  other  ^food  constitutents. 

In  pots  11  to  16  a  fairly  uniform  yield  of  oats  occurred  regardless, 
of  whether  nitrogen  or  phosphorus  was  lacking;  yet  in  pots  15  and  16 
where  all  nutrients  except  Ca(H2P04)2  was  used,  there  was  a  lower 
bacterial  count.  Evidently,  there  was  less  phosphorus  in  the  untreated 
sand  than  other  food  elements.  In  pots  11  and  12  and  13  and  14,  the 
increase  of  bacteria  is  notably  greater  where  all  elements  except 
nitrogen  were  added  than  in  15  and  16  where  all  elements  excepting 
phosphorus  were  added,  but  there  was  no  such  increase  in.  the  number 
of  bacteria  as  occurred  upon  the  addition  of  dextrose.  This  indicates 
that  it  was  energy  material  which  caused  the  marked  rise  in  numbers 
of  bacteria  in  pots  5  to  10.  This  view  is  amply  sustained  by  the  total 
counts  on  pots  17  to  22  where  full  nutrients  were  added.  In  these  pots 
there  was  suflficient  food  elements  to  sustain  an  immense  number  of 
bacteria,  but  the  number  did  not  exceed  those  in  the  pots  which  were 
short  on  one  necessary  element.  Possibly,  though,  the  bacteria  do 
not  readily  use  these  chemicals  which  are  so  available  to  higher 
plants.  This  view  is  not  sustained  by  the  results  of  pots  31  and  32. 
When  energy  material  was  present  the  bacteria  increased  in  numbers 
with  increase  in  plant  food.  Likewise  the  yield  of  oats  in  pots  17  to 
22  was  the  greatest  secured  from  any  pots  and  served  to  show  that 
the  chemicals  employed  were  abundant  and  readily  available  to  oats. 

Pots  No.  23  and  24  received  30  grams  dextrose  and  all  necessary 
plant  foods  except  nitrogen.  The  shortage  of  nitrogen  in  these  pots 
was  assumed  to  be  ammonia  nitrogen.  The  results  in  yield  of  oats 
and  increase  in  number  of  bacteria  are  quite  similar  to  pots  9  and 
10.  Evidently,  it  was  dextrose  which  caused  the  difference  in  yield 
between  pots  11  and  12  and  23  and  24  because  they  were  otherwise 
treated  alike.  Likewise  it  was  dextrose  which  caused  the  increase  of 
bacteria  in  pots  23  and  24  over  those  in  pots  11  and  12.  Furthermore 
it  was  the  shortage  of  nitrogen  in  pots  23  and  24  which  held  the 
bacterial  numbers  practically  the  same  as  those  in  pots  5  to  10.  This 
also  explains  the  result  in  pots  25  and  26,  and  27  and  28. '  In  pots 
5  and  10  there  is  a  nitrogen  shortage  and  in  the  latter  a  phosphorus 
shortage. 

In  Table  XIV  the  pots  received  10  c.c.  of  soil  infusion.  All  ex- 
cepting 3  and  4  received  all  nutrients,  excepting  nitrogen  which  was 
added  at  the  rate  of  one  half  gram  of  ammonium  sulphate  to  pots 
29  and  30,  one  gram,  to  31  to  34  and  increased  one  gram  for  each 
subsequent  set -of  4  pots  up  to  pot  48.  Pots  49  to  52  received  5.3 
grams  of  ammonium  sulphate,  the  nitrogen  equivalent  of  8.7  grams 
KNO;^,  while  pots  53  to  56  received  8  grams  of  ammonium  sulphate. 
Prom  pot  29  on  to  56  every  other  set  of  two  received  30  grams  of 
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dextrose.  This  gives  a  means  of  checking  some  of  the  suggestions 
and  theories  advanced  for  explanation  of  the  results  in  Table  XIII. 
In  Table  XIV  it  is  evident  that  a  full  supply  of  nutrients  materially 
affected  the  yield  of  oats,  but  did  not  greatly  increase  the  number 
of  bacteria.  As  far  as  the  number  of  bacteria  was  concerned,  there 
was  apparently  no  difference  in  effect  of  V2  gram  ammonium  sul- 
phate and  a  full  supply  of  all  other  nutrients,  while  with  the  oats 
there  was  a  marked  increase  up  to  4  grams  of  ammonium  sulphate. 
With  a  supply  of  from  4  grams  to  8  grams  of  ammonium  sulphate 
there  was  a  slight  decrease  in  the  yield  of  oats,  thus  confirming  the 
work  of  Maze  (54),  who  pointed  out  that  ammonium  sulphate  in 
too  great  concentration  is  toxic  to  maize.  On  the  other  hand,  where 
ever  dextrose  was  added  there  was  a  depression  in  the  oat  yield  and 
an  increase  in  bacterial  numbers  until  the  amount  of  ammonium 
sulphate  exceeded  4  grams,  after  which  the  number  of  bacteria  was 
practically  constant.  Evidently  a  concentration  of  4  grams  of  am- 
monium sulphate  in  the  presence  of  30  grams  of  dextrose,  in  conjunc- 
tion with  the  other  chemical,  physical  and  biological  factors  allowed 
the  maximum  developments  of  bacteria.  Consequently,  as  far  as  the 
competitative  action  of  the  bacteria  is  concerned,  it  may  be  regarded 
as  having  reached  its  maximum.  All  further  increase  in  addition 
of  ammonia  should  be  at  the  disposal  of  the  oats  and  we  could  expect 
in  the  presence  of  dextrose  that  additions  of  ammonia  above  4  grams 
would  result  in  an  increased  yield.  The  yields  of  pots  51,  52,  55  and 
56  confirms  this  view;  but  it  is  evident  that  some  other  depressing 
influence  was  present.  Pots  45  and  46,  which  received  4  grams  of 
ammonium  sulphate,  but  no  dextrose,  gave  the  maximum  yield  of 
oats;  therefore,  within  the  limits  of  this  experiment,  4  grams  of 
ammonium  sulphate  gave  ample  nitrogen  for  the  maximum  oat 
yield.  Furthermore,  pots  47  and  48  which  received  4  grams  of  am- 
monium sulphate  and  30  grams  of  dextrose  gave  sufficient  nitrogen 
for  a  maximum  bacterial  increase;  therefore,  pots  55  and  56,  which 
contained  sufficient  nitrogen  for  a  maximum  bacterial  development 
as  well  as  sufficient  nitrogen  for  a  maximum  oat  yield  should  have 
produced  as  much  dry  weight  of  oats  as  pots  45  and  46  and  should 
have  had  as  many  bacteria  present  as  found  in  pots  47  and  48.  The 
number  of  bacteria  is  approximately  correct,  but  the  yield  of  the  oats 
is  10  grams  below  that  which  it  should  have  been  if  competition  was 
the  only  retarding  factor.  Therefore,  it  may  be  concluded  that  the 
30  grams  of  dextrose  exerted  a  retarding  influence  upon  the  oat 
development,  either  directly  due  to  toxic  or  osmotic  action  or  indirect- 
ly, due  to  the  action  of  decomposition  products  from  the  dextrose, 
or  both.  At  the  same  time  it  is  evident  that  quantities  of  ammonium 
sulphate  above  4  grams  per  pot  also  exerted  a  retarding  influence 
upon  the  oats.  The  retarding  influence  of  the  dextrose  may  be 
measured  by  the  difference  between  the  weight  of  oats  from  pots 
43  and  44  and  those  of  pots  55  and  56,  which  amounts  to  10  grams, 
while  the  depressing  effect  of  8  grams  of  ammonium  sulphate  may  be 
measured  by  the  difference  in  yield  between  pots  45  and  46  and 
pots  53  and  54.  THis  difference  amounts  to  7.5  grams.  Therefore, 
under  optimum  concentration  of  nitrogen  as  ammonium  sulphate,  the 
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competition  of  bacteria*  in  the  presence  of  30  grams  of  dextrose  de- 
pressed the  yield  of  oats  approximately  54** — (25***+ ]0****)  =19 
grams  which  is  approximately  35.18%. 

In  order  to  test  this  theory  in  regard  to  nitrate  nitrogen,  nitrogen 
in  casein,  well  rotted  manure,  fresh  horse  manure,  with  dextrose 
and  straw  as  sources  of  energy  and  phosphorus  in  the  presence  of 
dextrose,  another  large  series  of  pots  were  run  along  lines  similar 
to  the  preceding.  Sand  from  the  same  source  and  of  the  same  physi- 
cal composition  was  secured  and  analyzed  bacteriologically  and  for 
total  nitrogen  with  the  following  results.  Bacterial  ceunt  450,000; 
total  nitrogen,  3.6  mgm.  per  100  grams  sand. 

Owing  to  the  fact  that  no  difference  was  observed  in  Table  XIII 
between  the  untreated  sand  and  that  receiving  10  c.c.  of  bacterial 
suspension,  the  untreated  pots  were  omitted.  All  pots  in  the  series 
received  10  c.c.  of  soil  infusion.  Likewise,  because  %  and  1  gram 
applications  of  ammonium  sulphate  were  not  significant  regarding  oat 
yield,  their  equivalents  were  omitted  in  the  nitrate  test  while  1  grani 
was  the  smallest  quantity  of  phosphorus  added.  Equivalent  quantities 
of  nitrogen  were  added  in  all  cases  except  where  straw  or  fresh  horse 
manure  was  used  as  a  source  of  energy,  in  which  cases  no  allowance 
was  made  for  the  nitrogen  contained  in  the  straw  and  manure.  The 
exact  treatment  and  results  are  given  in  Tables  XV,  XVI  and  XVII. 

The  yield  of  oats  recorded  in  Tables  XV  and  XVII  confirm  the 
results  obtained  with  ammonia  nitrogen.  Dextrose  tends  to  reduce 
the  yield  of  oats  when  applied  with  nitrogen  as  nitrate,  ammonia,  or 
in  casein,  well  rotted  manure,  or  fresh  horse  manure.  The  same  is 
true  of  phosphorus  added  as  Ca(H2P04)2.  The  addition  of  straw 
did  not  always  give  consistent  action,  probably  because  of  the  nitrogen 
which  it  contained.  Varying  results  can  not  be  attributed  to  parasitic 
organisms  because  the  straw  was  sterilized  in  the  autoclav  at  25  Ibs. 
for  30  minutes.  This  is  quite  clearly  brought  out  by  a  comparison  of 
the  results  of  pots  63  and  64  with  65  and  66,  also  67  and  68  with  69 
and  70.  The  addition  of  150  grams  of  straw  alone  in  pots  83  and  84 
increased  the  yield  over  the  check  about  11  grams.  However,  when 
the  effect  of  straw  on  ammonia-sulphate ;  pots  85  and  86,  Table  XVTI 
is  compared  with  the  same  amount  of  ammonia  sulphate,  pots  49  and 
50,  Table  XTV,  there  may  be  seen  a  marked  depressing  (25)  effect 
upon  oat  yield.  The  results  are  not  quite  so  clear  with  straw  and 
nitrates.  Compare  pots  81  and  82,  Table  XVII  with  pots  27  and  28, 
Table  XV.  This  concentration  of  nutrients  is  inhibitive.  On  the 
other  hand,  the  protective  action  of  dextrose  in  the  presence  of  excess 
nitrate  is  more  pronounced  than  the  protective  action  with  ammonium 
sulphate,  pots  23  to  30,  Table  XV,  shows  that  the  consumption  of 
nitrates,  where  excess  nitrates  was  added  in  the  presence  of  dextrose 
actually  was  able  to  increase  th^  yield  of  oats  by  removing  some  of 
the  nitrates  in  excess. 

*Al80  othor  organisms. 

**Yield  of  oats,  optimum  nitrogen  concentrated  pots  45  and  46. 

*** Yield    of   oats,    optimum    nitrogen    30    grama    dextrose,    pots   47    and    48. 

****Deprcs.sion  of  oat  yield  duo  to  dextrose  pots  55  and  56. 
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In  order  to  draw  particular  attention  to  casein  in  the  presence 
and  absence  of  dextrose  upon  oat  yields  so  as  to  connect  pure  culture 
work  presented  in  the  beginning,  we  will  consider  here  the  results 
with  casein.  It  is  evident  that  casein  with  other  plant  nutrients  is 
almost  as  efficient  a  source  of  nitrogen  as  amraonium  sulphate  and 
potassium  nitrate,  but  when  used  with  dextrose,  the  decrease  in 
yield  was  marked,  but  not  quite  as  marked  with  straw.  The  addition 
of  5  c.c.  of  a  72  hour  culture  of  B.  mycoides  to  well  rotted  manure, 
pots  59  to  62,  in  the  presence  of  and  absence  of  dextrose  did  not 
give  results  as  striking  as  could  be  desired.  The  addition  of  204 
grams  of  fresh  horse  manure  and  150  grams  of  straw  to  8.7  gram 
of  KNO3  was  strikingly  effective.  Analysis*  for  total  nitrogen  shows 
that  only  1.1%  of  the  nitrates  was  lost  by  denitrification,  assuming 
that  such  loss  comes  from  nitrate  nitrogen  only.  Therefore,  the 
cause  of  the  marked  decrease  in  yield  must  be  sought  elsewhere  (28). 
The  following  explanation  appears  feasible:  The  fresh  horse  manure 
introduced  great  numbers  of  nitrate  consuming  organisms  which 
consumed  the  nitrates.  If  this  was  true,  those  organisms  did  not 
appear  in  great  numbers  upon  the  plates. 

There  are  three  significant  points  to  be  noted  with  the  bacterial 
counts  in  Tables  XV  to  XVII.  First,  the  presence  of  nitrate**  nitro- 
gen does  not  greatly  increase  the  number  of  bacteria  even  in  the 
presence  of  dextrose.  Compare  the  counts  of  pots  8  and  10  and  23 
and  28,  Table  XIII  with  those  of  Tables  XV  and  XVI  where  nitrates 
and  dextrose  were  used.  It  is  obvious  that  the  disappearance  of  the 
nitrates  which  caused  a  reduction  in  the  vield  of  oats  was  not  due  to 
bacteria  alone,  but  most  probably  to  molds  which  emphasizes  the 
statement:  that  "the  influence  of  microorganisms  upon  a  soil's 
fertility  cannot  be  measured  by  bacterial  study  alone".  Furthermore, 
the  work  of  the  soil  bacteriologist  can  never  attain  its  full  effect  in 
the  solution  of  soil  problems  until  we  learn  more  fully  the  activities 
of  the  soil  molds,  and  a^so  yeast,  algae,  and  protozoa.  In  a  word,  the 
study  of  soil  bacteriology  must  be  broadened  into  soil  microbiology. 
The  second  significant  fact  is  that  the  bacterial  count  was  higher 
in  the  nitrate  series  after  the  second  application  of  dextrose  than  it 
was  after  the  first.  Third,  the  application  of  well  rotted  manure. 
fresh  manure,  and  casein  caused  a  large  increase  in  the  number  of 
bacteria  (27  and  28). 

It,  therefore,  becomes  apparent  that  under  the  conditions  of  the 
experiment  where  dextrose  is  present  to  furnish  energy,  bacteria 
are  able  to  compete  with  oats  for  soluble  plant  food  when  the  nitrogen 
is  added  as  ammonia  or  in  organic  forms  that  may  be  converted  into 
ammonia.  On  the  other  hand  when  the  nitrogen  is  added  as  nitrates 
under  the  above  conditions,  molds  are  most  probably  the  most  vigorous 
competitors.  Cons^idering  the  ability  of  molds  to  assimilate^  ammonia 
nitrogen,  it  may  be  assumed  that  they  also  rob  the  plnnts  of  ammonia 
in  the  presence  of  excess  available  energy.  

•This  is  the  only  instance  in  the  entire  series  where  there  was  less 
nitrogen  at  the  end  than  at  the  beginning  of  the  experiment.  If  denitrification 
took  place  elsewhere,  it  was  masked  bv  nitrojjen   fixation. 

••Nitrate  nitrogen   was  nsed  in  Table  XVI  or  the  phosphorus  series. 

tBibhography  1,  3,  4,  5,  13  and   15. 
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Prom  the  results  obtaine.d  with  Ca(H2P04)2,  Table  XVI  it  may  be 
assumed  that  the  other  elements  of  available  plant  food  are  likewise 
utilized  by  microorganisms  under  suitable  conditions.  By  the  results 
obtained  in  such  pots  as  contained  more  plant  food  than  the  maximum 
number  of  microorganisms  could  consume  with  the  energy  obtained 
from  30  grams  of  dextrose,  enables  the  deduction  that  available  plant 
food  may  be  regarded  as  bacterial  food  which  is  in  excess  of  available 
energy. 

Having  established  the  fact  that  beneficial  bacteria  as  well  as 
others  not  known  to  be  beneficial,  utilize  available  plant  food  in  the 
presence  of  suitable  energy  supply,  it  follows  that  these  same  bacteria 
will  utilize  the  available  plant  food  liberated  from  organic  matter 
under  similar  conditions.  Within  certain  limits,  the  rate  of  liber- 
ation of  available  plant  food  will  increase  as  the  available  energy 
decreases.  Since  the  energy  incorporated  into  the  building  cell  is 
undoubtedly  less  than  the  amount  liberated  from  the  original  energy 
material,  it  follows  that  after  the  excess  energy  material  is  exhausted 
and  the  microorganism  dies  for  lack  of  sufficient  nutrition  or  from 
other  causes,  its  cell  constituents  will  contain  a  lower  energy  nutrient 
ratio  than  the  parent  organic  matter;  consequently,  decomposition  of 
successive  generations  of  organic  matter  will  result  eventually  in 
the  nutrient  materials  being  in  excess  of  the  energy  material  and  there 
may  be  expected  ^n  accelerated  liberation  of  plant  food  with  each 
succeeding  generation  of  microorganisms.  Here  too,  one  finds  at 
least  one  reason  for  the  acceleration  of  ammonification  after  soils 
are  dried  or  was  partially  sterilized.  The  transformation  of  avail- 
able plant  food  into  unavailable  organic  forms ;  in  regard  to  ammonia 
and  nitrate  nitrogen,  usually  spoken  of  as  transformation  into 
proteins,  is  only  temporary.  The  fact  that  under  certain  conditions 
it  may  result  in  a  slightly  depressed  yield  must  not  be  regarded  as 
a  detrimental  action  any  more  than  the  consumption  of  oats  by  a 
draft  horse;   because  these  microorganisms  must  have  nutrients   as  I 

well  as  energy  to  carry  on  their  work  of  liberation  of  plant  food  i 

elements  from  organic  matter.     Assuredly  the  microbe  is  worthy  of  '. 

its  hire.     Ft  does  not  follow  that  all  microorganis;ns  present  in  a  soil  | 

are  essential.  It  is  highly  probable  that  an  exhaustive  knowledge  of  the  ! 

food  requirements  of  each  meinber  of  a  flora  would  show  that  certain  j 

members  might  be  eliminated  with  profit.     Neither  do  the  above  re-  , 

suits  indicate  that  some  of  the  energy  forming  materials  must  be 
eliminated  from  manures.  If  we  would  get  the  best  possible  results 
out  of  a  flora,  we  must  learn  to  feed  it  for  maximum  output.  Such 
a  system  may  mean  more  energy  material  than  now  given  and  that  ' 

more  time  be  given  for  the  microorganisms  to  accomplish  their  work 
before  the  crop  begins  to  press  in  its  demands  for  food.  Before  it 
is  attempted  to  regulate  the  energy  nutrient  ratio*  for  soil  microorgan- 
isms, the  unsolved  question  of  nitrogen  fixation  by  azotobacter  must 
be  worked  out  that  it  may  be  known  what  proportion  of  energy  mater- 
ial is  necessary  for  most  efficient  nitrogen  fixation  as  well  as  the 
amount  necessary  for  the  most  suitable  rate  of  plant  food  liberation. 
Under  suitable  physical  and  chemical  conditions,  the  nearness  to 
which   the  number   of  bacteria   approach   the   possible  maximxira   is  | 
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governed  by  the  limiting  bacterial  food  element.  Among  these 
food  elements  may  be  considered  energy  material.  It  is  probable 
that  energy  material  is  quite  frequently  the  limiting  material  in 
average  soils,  particularly  after  the  period  of  rapid  transformations 
has  taken  place  following  the  addition  of  organic  matter. 

It  is  probable  that  in  the  presence  of  excess  available  energy, 
the  amount  of  available  plant  food  is*  indirectly  proportional  to  the 
number  of  microorganisms  present.  Since  the  amount  of  readily  decom- 
posable energy  material**  is  usually  small  and  the  rate  of  decom- 
position comparatively  rapid,  the  period  of  maximum  consumption  of 
available  plant  food  by  microorganisms  is  of  short  duration.  There- 
fore, within  certain  limits,  the  greater  the  number  of  decay  micro- 
organisms present,  the  v  more  rapid  will  be  the  decomposition  of 
the  Snergy  material  and  the  more  rapid  the  narrowing  of  the  energy 
nutrient  ratio,  and  the  consequent  accelerated  liberation  and  accum- 
ulation of  available  plant  food.  After  the  elimination  of  the  excess 
energy  the  greater  the  number  of  decay  microorganisms  the  greater 
the  amount  of  available  plant  food  liberated.  However,  it  does  not 
follow  that  the  amount  of  available  plant  food  is  proportional  to  the 
number  of  microorganisms  present.  Here  is  where  the  real  stumbling 
block  to  the  conception  of  the  relation  of  microorganisms  (in  terms 
of  common  parlance  ''decay*  bacteria",  *' beneficial  bacteria", 
''ammonifying  bacteria")  to  available  (nitrogen)  plant  food  is  found. 
It  is  generally  assumed  that  any  given  (ammonifying)  (beneficial) 
decay  (bacterium)  microorganism,  acting  upon  (nitrogenous)  organic 
matter,  works  at  its  individual  maximum  at  the  given  soil  temperature, 
moisture  and  chemical  condition,  and  as  a  consequence,  it  has  been 
further  assumed  that  this  individual  bacterium  multiplied  by  millions 
should  deliver  so  many  milligrams  of  (ammonia)  available  plant 
food  per  time  unit. 

Kguratively,  it  has  been  assumed  that  an  engine  working  under 
certain  conditions  should  deliver  at  the  wheel  so  many  foot  pounds 
of  energy  for  every  ton  of  coal  consumed,  regardless  of  the  fuel 
value  of  the  coal  supplied  and  regardless  of  the  working  efficiency 
of  different  engines.  Consequently,  it  has  been  disappointing  to  find 
that  one  could  not  interpret  soil  fertility  in  terms  of  bacterial 
numbers.  This  conception  has  also  led  to  the  belief  that  the  ammoni- 
fying power  of  a  soil  should  be  proportional  to  the  number  of  ammoni- 
fying bacteria  present. 

Aside  from  such  factors  as  physiological  efficiency,  non-ammoni- 
fying bacteria,  ammonifying  and  non-ammonifying  molds,  soil  proto- 
zoa, soil  bacteria  toxins,  lack  of  an  adequate  medium  for  counting 
etc.,  it  has  not  be^  possible  to  judge  a  soil's  fertility  by  its 
bacterial  numbers  or  ammonifying  power  because  the  energy  nutrient 
ratio  of  complex  bacterial  flora  is  not  known.  Neither  is  the  available 
energy  nutrient  ratio  of  the  soil  organic  matter  known  at  the  time 


*Plant8  soom  able  to  gafher  certain  amounts  of  plant  food  even  under  the 
most  severe  competitive  conditions.  In  all  probability,  plants  differ  greatly 
in  their  ability  to  compete  with  microorganisms. 

•*OclliiloBC  and  starches  are  included. 

*UBed  in  itfl  broadest  sense  to  indicate  all  microorganisms  which  cause 
the  decomposition  of   organic   matter. 
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of  comparing  total  counts  with  ammonifying  power.  Furthermore, 
even  if  the  complex  bacterial  flora  and  its  energy  nutrient  ratio 
was  known  and  it  was  possible  also  to  determine  the  available  energy 
nutrient  ratio  of  the  soil  organic  matter  at  the  time  of  analysis,  there 
would  still  be  discrepancies  between  total  count  and  ammonifying 
power  or  even  total  count  of  ammonifying  bacteria  and  the  ammoni- 
fying power  because  at  the  inception  of  decay  of  the  organic  matter,  the 
bacterial  count  rises  and  the  rate  of  accumulation  of  ammonia  from 
the  decomposing  soil  organic  matter  falls.  On  the  other  hand  after  the 
exhaustion  of  excess  available  energy  material,  the  bacterial  numbers 
remain  more  or  less  constant  (23)  for  a  period  while  the  rate  of 
liberation  of  ammonia  probably  continues  to  inc^-ease  for  a  time. 
Therefore,  a  count  of  the  number  of  bacteria  at  the  inceptioji  of 
decay  and  a  determination  of  the  ammonifying  power  of  the  soil 
by  the  present  method  will  give  a  lower  ammonifying  coefficient  per 
bacterial  count  than  would  be  obtained  from  the  same  soil  at  a  later 
period  of  decay,  while  neither  would  show  a  comparable  relation 
to  the  rate  of  accumulation  of  plant  food  within  the  soil. 

What  effect  w^ould  such  action  of  microorganisms  as  previously 
described  have  upon  nitrification?  It  is  the  prevailing  belief  that 
nitrification  does  not  take  place  in  the  presence  of  organic  matter^ 
although  this  l)elief  has  been  recently  attacked  by  Stevens.  Lipman 
and  others.  Such  a  belief  is  untenable  because  there  is  a  vast 
amount  of  organic  matter  in  any  soil.  For  example,  it  has  been 
recently  pointed  out  by  Swanson  (63)  that  150  tons  of  vegetation 
were  necessary  to  produce  the  organic  matter  in  some  typical  Kansas 
soils.  Nitrification  must  take  place,  therefore,  in  the  presence  of 
organic  matter,  otherwise  all  our  fertile  soils  would  not  cause  nitrifi- 
cation. In  this  connection,  see  Coleman  (10)  and  Karpinski  and 
Niklewisi  (11)  and  Stevens  and  Withers  (64).  Patterson  and  Scott 
(24),  say  that  starch  and  sugar  retard  nitrification.  Enberding  (27) 
found  that  starch  and  sugar  would  retard  the  activities  of  the  nitrify- 
ing bacteria.  Ehrenberg  (26)  states  that  straw  will  retard  too  rapid 
nitrification.  What  then  is  the  explanation  for  the  conflicting  opinions 
on  the  influence  of  organic  matter  upon  nitrification?  The  explanation 
is  probably  similar  to  that  for  the  influence  of  organic  matter  upon 
ammonification. 

The  presence  of  organic  matter  upon  soil  nitrification  acts  in  two 
ways  to  retard  nitrate  accumulation.  First,  the  presence  of  excess 
energy  material  permits  the  assimilation  of  ammonia  by  ammonia 
consuming  saprophytes,  thereby  leaving  smaller  quantities  of  am- 
monia to  be  nitrified.  Second,  the  presence  of  excess  energy  material 
allows  the  assimilation  of  the  nitrates  by  nitrate  consuming  sapro- 
phytes, thereby  preventing  the  accumulation  of  nitrates. 

These  two  processes  occur  simultaneously.  The  former  actually 
lessens  nitrification  by  removing  the  nitrifiable  ammonia,  the  latter 
only  apparently  retards  nitrification  by  preventing  the  accumulation 
of  nitrates. 

It  would  seem  reasonable  that  if  the  preceding  hypothesis  con- 
cerning the  ability  of  soil  microorganisms  to  consume  available  plant 
food  are  correct,  it  should  be  possible  to  measure  the  amount   of 
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consumption  by  chemical  analysis.  In  order  to  test  this  view,  experi- 
ments were  arranged  to  include  soil  from  the  general  farming  section 
of  the  agricultural  department  and  plots  of  ground  selected  and 
treated  with  heavy  applications  of  finely  chopped  straw.  The  soils 
selected  are  classed  as  Fargo  clay  and  are  located  upon  land  of  the 
North  Dakota  Experiment  Station.  In  all  tests  here  recorded,  dupli- 
cate 100  gram  portions  of  fresh  soil  was  treated  by  the  beaker  method 
used  for  ammonification  and  incubated  at  room  temperature.  Since 
nitrogen  is  so  often  the  limiting  element  in  crop  production  and 
the  results  of  nitrogen  consumption  by  soil  organisms  would  have 
a  direct  bearing  on  the  previous  discussions  of  ammonifications, 
ammonia  nitrogen  was  selected  for  the  test.  It  was  also  found  possible 
to  include  nitrate  nitrogen  in  the  study.  These  studies  cover  a  period  of 
more  than  two  years  and  much  data  has  been  secured.  A  few  of  the 
determinations  which  are  typical  of  different  phases  are  here  pre- 
sented. 

•  METHODS  IN  DETAIL. 

Five  samples  of  soil  were  taken  to  a  depth  of  8^  inches  from  each 
plot.  These  were  sieved  and  mixed  thoroughly  and  a  100  gram 
sample  taken  for  immediate  moisture  determination.  Special  care  was 
taken  to  include  all  uudecomposed  organic  matter.  The  portions  for 
the  tests  were  weighed  out  immediately  after  sieving  and  placed  in 
sterile  tumblers  and  covered  with  sterile  petri  dishes.  To  each  100 
gram  portion  was  then  added  approximately  100  mgm.  of  ammonium 
sulphate  in' solution  or  when  nitrates  were  used,  50  mgm.  of  KNO3. 
The  amount  of  ammonia  nitrogen  and  nitrate  nitrogen  added  to  the 
soil  was  immediately  determined  by  analyzing  in  duplicate  100  gram 
portions  of  the  treated  soil.  The  amount  obtained  was  considered 
the  amount  of  ammonia  or  nitrate  nitrogen  added.  After  the  addition 
of  the  nitrogen,  the  water*  content  of  the  soil  was  brought  up  to 
the  optimum**  by  the  addition  of  distilled  water.  The  following  will 
illustrate  the  method  of  treatment  for  each  soil. 

DETERMINATIONS  MADE^THE  SAME  DAY  THE  SAMPLES  WERE  TAKEN 

1  4  —  loot  gni.  portions   for   residual   ammonia    determlnatioTi. 

2  4  — 100       "  "  +100   Jiigra.    (NlUj^SO*   for   ammonia   added. 

3  4 — 100       •*  '*         for   residual    nitrate   determinations. 

4  4  —  100       "  "         +20   mgm.   KNO.-   for   Nitrate   added. 

5  4 —      5       "  *'         for    total    Nitrogen. 

DETERMINATIONS  MADE  AT  END  OF  6  DAYS 

6  4 — 110  gra.  portions  fop  total  N  and  residual  NUg  at  end  of  experiment. 

7  4  —  110     "  *'       +100   niffm.    (NH4)>'0«   for  total   N   and  ammonia  consumed. 

8  4  — 110     *•  "       +100     "  "       "         for   total   N   and   nitrates   formed. 

9  4  — 110     "  *•        4-100     *•  ••        +5  gm.  dext.  for  total  N  and  Nils  consumed. 

10  4  — 110     ••  "        -i-^O       "  •      KNOr.)    for   total   N   and   nitrates   consumed. 

11  4  —  110     ••  "        4  50       "         +5  gm.  dextrose  for  total  N  and  nitrates  consumed. 

12  4  — 100     *'  '*       4-10  c.c.    of    lOSr    casein    solution    for    ammonification. 

The  entire  set  from  ^  to  11  were  weighed  to  hundreths  of  grams  at  tiie  beginning 
and  the  end  of  the  experiment.  The  difference  at  the  end  of  the  incubation  period 
'was  takes  as  loss  of  moisture. t 


t  Dry  weight. 

t  No  correction  made  for  loss  of  CO^. 


tTho  object  in  taking  the  sample  8  inches  was  to  go  below  the  furrow 
slice  so  that  after  plowing,  the  number  of  bacteria  in  the  sample  would  be 
approximately  the  same  as  it  was  before  plowing. 

♦Moisture  determinations  made  by  spreading  the  soil  thin  and  heating  for 
two   hours  at  lOO^'C. 

^Optimum  determined  by  experimentation,  23.5%. 


•«i 
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Before  the  ammonia  was  determined  the  contents  of  each  tumbler 
was  put  through  an  8  mesh  sieve,  thoroughly  mixed  and  10*  grains 
weighed  out  for  total  nitrogen  'determination. 

Total  nitrogen  was  determined  by  the  Kjeldahl  method  modified  to 
include  nitrates  and  the  results  expressed  as  milligrams  of  nitrogen  for 
100  grams  of  soil.  Ammonia  was  determined  by  MgO  method  and 
is  expressed  as  milligrams  N  per  100  grams  of  soil.  Nitrate  determin- 
ations were  made  by  reduction  method^  on  extractions  of  500  c.c.  water 
to  100  grams  soil  shaken  for  one  hour.  The  nitrates  are  expressed 
as  milligrams  of  N  per  100  grams  soil. 

•Approximate   dry  weight. 

tAnn,  Bept.Va.  Polytec,  Ins.  Ag.  Ex.  Sta.  1911  and  1912,  P.  137. 

TABLE  XVIII.     GENERAL  FARMING  SOIL  6  DAY  TEST  ON  AMMONIA  CONSUMPTION^ 
NITROGEN  EXPRESSED  AS  MGM.  OP  NITROGEN  PER  100  GRAMS  DRY  SOIL 


Lab. 

1    No. 

I'revious 
Treatment 

special 
Treatment 

NH3 
Present 

at  Be- 
ginning 

NH3 
Recov- 
ered 

Pre.?Jt       ,N03 
at  Be-       Present 
ginning    |  at    End 

NH3 
Con- 
sumed 

Date 

6 

Genei^al     farming 

2  weeks  after 
harvest    of    wheat 

No      treat. 

.30 

1.1    . 

2.3 

2.15 

0 

8-28-13 

6 

tt 

No      treat.      |         .85 

,      1.2      1       2.3       1      2.15 

0          1 

7 

li 

lOU  mgm.  of 
(NH4)aS04 

23.22 

15.6 

2.3 

2.60 

7.3 

<4 

7 

ii 

■  % 

2a.22 

17.1      1       2.3 

2.70 

5.8     1 

4» 

0 

It 

100  mgm.  of 

( N  114)2804 -f 
5  gm.  dext. 

23.22 

1.9 

2.3 

Not  def . 

21.3 

<< 

9 

<t 

i» 

2:i.22 

1.7 

2.3 

ti 

21.5 

ti 

tt 

8    weeks    after 
wheat    harvest 

No      treat. 

1.30 

1.0 

1.9 

2.05 

.3 

10-14-13 

« 

(t 

No      treat. 

1.90 

.9      1       1.9 

•     2.15 

1.0 

•  a 

fW 

i 

i« 

100  mgm.  of 
(NH4)38S04 

25.00 

19.6 

1.9 

2.90 

4.4 

«C 

7 

tt 

.1 

25.00 

19.0 

1.9 

2.60    1      5.2 

•» 

9 

u 

100  mgm.  of 

(NU4)2S04  + 

•l  gra.  dext. 

25.00 

2.1 

1.9 

Not  det. 

22.9 

44 

9 

tl 

• » 

25.00    1       1.9       1       1.9       1         ••        1    23.1 

1 

TABLE  XIX.     GENERAL  FARMING  SOIL,  6  DAY  TESTS  ON  AMMONIA  CX>NSUMPTION. 
NITROGEN  EXPRESSED  AS  MGM.  OP  NITROGEN  PER  100  GRAMS  DRY  SOIL 


•2  0 

J3Z 

Previous 
Treatment 

Special 
Treatment 

NH3 
at  Be- 
ginning 

NHa 
Recov- 
ered 

NO3 
at  Be- 
ginning 

NO3 

at 

Close 

NH3 
Con- 
sumed 

Date 

6 

1  week  after  plow- 
ing    under   wheat 
stubble  and  weeds 

1 
No      treat. 

i.i 

1.6 

.95 

.85 

0 

11-  4-13 

6 

•( 

No     treat. 

1.7 

1.30 

,.95 

.85 

0 

i« 

7 

«i 

100  mgm.  of 

(NH4)2S04 

24.1 

11.60 

.95 

9. 

12.5 

t< 

7 

t< 

J^  24.1 

9.90 

.95     1         .8       t    14.2 

.« 

9 

•• 

100  mgm.  of 

( N  1X4)2804  4- 
5    pm.    dext. 

24.1 

1.80 

.95 

Not  det. 

22.3 

It 

V) 

tl 

%• 

24.1 

1.50 

.95     1 

22.6 

i* 

6 

5  weeks  after  plow- 
ing   under    wneat 
stubble  and   weeds 

No      treat. 

1.9 

• 

1.65 

1.04 

1.1 

0 
1 

12-  U-13 

♦J 

li 

No      treat. 

1.4 

1.65 

1.04 

1.1       1      0 

.. 

7 

(i 

100  mgm.  of 

(NH4)2S04 

26.3 

11.60 

1.04 

1.1 

14.6 

«• 

7 

It 

«• 

20.3 

12.00 

1.04 

^     1.1    ' 

14.2 

1* 

9 

«t 

100  mgm.  of 

(Nn4hS04  + 
5  gm.  dext. 

26.3 

3.20 

1.04 

Not  det. 

23.1 

«( 

9     1 

1       3.0 

3.00 

1.04 

1    23.3 

<4 
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TABLE  XX.     AMMONIFIGATION  TESTS  USING  CASEIN,  INGC7BATED  FOR  «   DAYS     ON 
GENERAL  FIELD  SOILS.     NITROGEN  EXPRESSED  AS  MGM. 

PER  100  GRAMS  DRY  SOIL 


Lab. 
No. 

• 
Treatment 

Special 
Treatment 

Ammonia 
Found 

Date 

12 

2     weeks     after     wheat 
harvest 

10  c.e.  of  10% 
casein  solution 

40.17 

8-28-13 

12           ' 

41.00 

41 

•    12            8     weeks     after     wheat 

harvest 

36.95 

10-14-13 

12 

«i 

i               35.89 

t* 

12 

1     week    after    plowing 

under    wheat    stubble 

if 

,, 

28.16 

11-  4-13 

12 

1               29.36 

•< 

12            5    weeks    after    plowing 
udder    wheat    stubble 

31.47 

12-  9-13 

12 

•» 

32.00 

«t 

TABLE  XXI.     GENERAL  FARMING    SOIL.   6   DAY   TEST  ON   NITRATE   CONSUMPTION 
NITROGEN  EXPRESSED  AS  MGM.  OP  N  PER  100  GRAMS  DRY  SOIL 


Lab. 
No. 

Previous 
Treatment 

special 
Treatment 

NO3 
at  Be- 
ginning 

NO-, 

at  Close 

NO3 
'     Con- 
sumed 

Date 

3 

2    weeks   after   harvest 

Immediate     analysis 
for  NOs 

2.3       ; 

8-28-16 

3 

»• 

•( 

2.3 

t 

44 

8 

! 
1 

100    nigm.    of 
(N  114)2804 

2.3 

2.15 

1 
1 

*• 

S 

tt 

«< 

2.3 

2.15 

44 

10 

" 

50   mgm.    of   KNO, 

9.3 

5.20 

1       4.10 

44 

10 

•t 

,                                        1 

9.3 

5.70 

3.60 

44 

11 

<i 

50  mgm.  of  KNO3  + 
5    gni.    dextrose 

1.30 

8.0 

44 

11 

tt 

14 

•• 

1.40 

7.90 

44 

3 

8     weeks    after    wheat 
harvest 

Immediate    analysis 

1.9 

i 

10-14-13 

t« 

1 

1.9 

44 

8 

It 

100    njgm.     of 
(N  114)2804 

1.9 

2.05 

44 

fs 

*t 

f 

1.9 

2.05 

10 

u 

50     mgm.     of    KNO., 

8.1 

6.45 

1.54 

10 

«t 

>• 

8.1 

7.13 

.86      1 

11 

t» 

50    mgm.    of    KNOg 
5  gm.  dextrose 

8.1 

2.01 

5.98      - 

1 

11 

*< 

t< 

8.1 

1.96 

6.18   ; 
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TABLE  XJUI.     GENERAL  FARMING  SOIL.  6  DAY  TEST  NITRATE  C9NSUMPTION. 
NITROGEN  EXPRESSED  AS  MGM.  OF  N  PER  100  GRAMS  DRY  SOIL 


Lab. 
No. 

Previoui 
Treatment 

Special 
Trealmenl 

NO3 
at  Be- 
ginning ' 

NO3 

at  Clo»e 

NO3 
Con- 
sumed 

Date 

A 

1    week    of    plowing 
under  wlieat  stubble 

Immediate     analysis 

.95 

11-   4-13 

;;     1 

•  t 

.95 

1                      ' 

8 

U)U   mgm.    of                  .95 

.91 

S 

.1)5       1         .87       1                     ! 

lo 

4i 

.'iO    mgm.    of    KNOs     '       S.SO             4.<>1       1      4.28      J 

it 

8.81)       '      4.00       1      4.S9       t 

11       1 

1 

50  mgm.   of  KNOg-f         8.89 
5  gm.    dextrose 

.99       1       7.90 

1 

11        , 

1      8.89       1       1.12       1      7.77 

•• 

3        5   weeks  after  plowing 
under  wheat  stubble 

Immediate     anal.rsis        1.00 

12-  9-13 

:{       1 

1      1.09       1 

.• 

8 

«* 

100    mgm.    of 
(Nn4)2S04 

1.09              1.07 

1 

•  4 

S 

tl 

1       1.09       1      1.23      1                   ; 

10 

It 

.50   mgm.   of  KNO^    1       9.10 

5.23       1      3.76 

10 

*l 

9.10 

4.98       1      4.01 

11 

i« 

50    mgm.    KN08+     i      9.10 
5  gm.    dextrose     1 

1.71 

7.28       , 

11 

9.10 

1.68       1       r.31       1 

The  preceding  tables  on  ammonia  and  nitrate  consumption  by 
soils  from  the  general  farming  section  shows  distinctly  that  the 
soil  in  question  has  an  inherent  ability  to  consume  definite  quantities 
of  ammonia  and  nitrates  which  is  similar  to  the  biological  absorption 
(33)  of  phosphates.  The  inherent  capacity  for  ammonia  consumption 
in  these  soils  is  greater  in  every  instance"  than  the  nitrate  consump- 
tion. There  is  an  increase  of  ammonia  and  nitrate  consumption  after 
plowing  under  wheat  stubble  (and  weeds).  The  addition  of  dextrose 
increased  the  consumption  of  nitrates  and  ammonia  practically  to 
the  limit  of  exhaustion.  This,  latter,  has  no  particular  significance 
aside  from  the  fact  that  the  soil  flora  consumes  considerable  quantities 
of  either  ammonia  or  nitrate  in  the  presence  of  suitable  sources 
of  energy. 

For  the  sake  of  brevity,  the  following  tables  have  been  compiled 
from  work  on  soils  which  were  treated  with  large  quantities  of  straw 
and  are  given  to  show  the  comparative  effect  of  applications  of  large 
quantities  of  straw  on  ammonia  and  nitrate  consumption  and  ammonifi- 
cation.  The  plots  had' grown  oats  the  previous  season  and  had  been 
kept  free  from  weeds.  The  method  of  treating  the  plots  in  question 
was  as  follows:  Finely  chopped  wheat  straw  (pieces  about  1  cm. 
long)  was  applied  at  the  rate  of  20  tons  per  acre  and  turned  under 
with  a  spade  arranged  so  that  it  would  not  go  deeper  than  6  inches. 
The  straw  was  applied  and  spaded  under  every  year  in  October. 
The  plots  were  planted  to  wheat  the  following  spring. 

The  method  of  sampling  and  laboratory  procedure  was  the  same 
as  previously  described  for  the  general  field,  but  for  the  sake  of 
comparison  all  data  excepting  actual  ammonia  and  nitrates  consumed 
and  ammonia  formed  has  been  eliminated.  The  plot  receiving  no 
straw  is  numbered  1,  and  the  one  receiving  straw  is  numbered  2. 
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TABLB  XXIII.    COMPARISON  OF  AMMONIA  CONSUMPTION,  NITRAT£  CONSUMPTION, 
AND  OP  AMMONIA  FORMATION  FROM  CASEIN.  ON  PLOTS  TREATED  WITH 
STRAW  AND  ONES  NOT  RECEIVING  STRAW,  EXCEPT  STUBBLE. 

NITROGEN  EXPRESSED  AS  MGM.  OF  N.   PER  100  GRAMS  DRY  SOIL 


Plot 
No. 

Field 
Treatment 

Special  Lab. 
Treatment 

NHa 
Con- 
sumed 

NO3 
Con- 
sumed 

NH3  Liber- 
ated from 
Casein 

Date 

1 

Oat  stubble  3  weeks 
after  harvest 

Nothing 

10.63 

4.96 

40.57 

9-  2-14 

1 

•4 

5   gm.    dextrose 

21.33 

7.79 

Not  determined 

(« 

2 

*« 

Nothing 

10.90 

4.68 

41.11          ) 

2       1                       "                  1 

5   Rin.    dextroso  1      20.46'     |        7.23      1  Not  determined 4 

1 

Oat   stubble  5  weeks 
after  harvest 

Nothlnp 

10.00 

5.71 

42.06 

9-15-14 

1 

i« 

5   gm.    dextrose 

20.33 

8.19 

Not  determined  ' 

2 

*t 

Nothing 

11.13 

4.32 

41.17           1 

2       1 

5   gm.    dextrose 

20.91 

7.11 

Not  determined  I 

1        Oat   stubble  8  weeks 
'        after  harvest 

Nothing 

9.42 

4.46 

42.49 

9-29-14 

1 

5   gm.    dextrose        20.73 

9.01       1  Not  determined 

11 

2 

t* 

Nothing 

1 2.01 

4.99       1            43.68           ! 

2 

It 

5    gm.    dextrose 

21.10 

8.86      '  Not  determined 

.< 

1           One   week   after 
.  turning   under  oat 
stubble 

Nothing 

10.59 

5.14 

39.3a 

10-15-14 

1 

.'>   gm.   dextrose 

21.96 

8.26 

Not  determined 

t. 

2 

1   week  after  turn- 
.  Ing  under  oat  stub- 
ble and  finely  chop- 
ped wheat  straw  at 
rate  of  20  tons  per 
acre. 

Nothing 

17.63 

6.99 

31.17 

<< 

1 

2 
1 

! 

5   gm.    dextrose 

21.88      i        S.87      t  Not  determined 

*i 

1       3   weeks  after 
plowing  under  oat 
stubblo 

Nothing 

11.01 

5.26 

38.22 

1028-14 

1 

5    gm.    dextrose  '      1!0.44 

9.75 

Not  determined          " 

2        3  weeks  after  turn- 
{  ing  under  oat  stub- 
i  ble  and  20  tons  of 
1  wheat     straw     i)er 
.acre 

• 

Nothing 

19.72 

8.92 

26.91            10.28-14 

1 

2      i 

5    gm.    dextrose  1       22.00       |         9.11       ,  Not  dt^ermlued 

•  * 

The  results  recorded  in  Tabk  XXIII  are  averages  of  duplicate 
determinations.  In  calculating  the  ammonia  and  nitrate  consumed 
and  the  ammonia  formed,  corrections  were  made  for  the  amounts  of 
ammonia  or  nitrates  in  the  soil  at  the  beginning  and  close  of  the 
experiment.  The  results  in  Table  XXIII  show  that  these  soils  have 
an  inherent  ammonia  and  nitrate  consuming  power.  The  amount 
of  ammonia  or  nitrates  consumed  is  increased  slightly  by  turning 
under  oat  stubble  and  markedly  increased  by  turning  under  20 
tons  of  finely  chopped  straw  per  acre.  At  the  same  time,  it  will  be 
noticed  that  the  application  of  dextrose  at  the  rate  of  5  grams  per 
100  grams  of  soil  greatly  increased  the  amount  of  ammonia  and 
nitrates  consumed  where  the  quantity  of  straw  is  small,  but  does 
not  show  such  a  marked  increase  where  straw  was  added  in  large 
quantities,  indicating  that  the  straw  added  furnished  almost  enough 
energy  to  allow  the  consumption  (compare  references  25,  26.  27,  2S)  of 
almost  all  the  ammonia  and  nitrates  in  the  soil.  It  does  not  follow  that 
the  straw  was  used  in  preference  to  dextrose  as  a  .source  of  energy.  In 
most  instances,  the  reverse  would  be  true.  Plowing  under  oat  stubble 
slightly   decreased   the   ammonifying   power    of   the   soil,    while    the 
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application  of  20  tons  of  straw  per  acre  reduced  the  ammonifying 
power  from  26  to  36  percent.  This  amount  of  straw  would  seldom,  if 
ever  be  added  under  practical  conditions,  but  it  was  added  in  the  pres- 
ent instance  in  order  to  magnify  the  ammonia  and  nitrate  consumption 
as  well  as  to  determine  the  retarding  effect  upon  ammonification  so 
as  to  emphasize  the  principle  involved. 

If  the  weight  on  an  acre  foot  of  the  above  soiLbe  taken  at  2,500,- 
(K)0  pounds  and  20  tons  of  straw  was  mixed  with  8/12*  of  an  acre  foot, 
it  would  be  equivalent  to  adding  approximately  2  grams  of  straw  per 
100  grams  of  soil.  Therefore,  in  order  to  check  the  above  results, 
soil  w^as  secured  from  plot  1  and  tlioroughly  mixed  with  finely  chopped 
wheat  straw  at  the  rate  of  2  grams  per  100  grams  of  soil.  Ammonia 
and  nitrate  consumption  tests  of  the  treated  soil  were  then  made  by 
the  beaker  method.    The  results  are  recorded  in  Table  XXTII. 


TABLE  XXIV.     CONSUMPTION  OF  AMMONIA  IN  100  GRAM  PORTIONS  OF    SOIL  CON- 
TAINING  2  GRAMS  OF  FINELY  CHOPPED  STRAW  PER  100  GRAMS. 

NITROGEN  EXPRESSED  AS  MGM.  OP  NITROGEN  PER  100  GRAMS  SOIL 

INCUBATION  PERIOD:  7  DAYS 


No. 

Amt.  of  Soil 
gin. 

AmmoDla  added 

4 

Ammonia   con-^ 
turned 

Inherent 
ammonia  con- 
BumlDg  power 

Ammonia  con- 
sumption due 
to  straw 

1  ' 

100 

19.28 

s.:^ 

2.5 

5.6 

2 

100 

19.2§ 

7.4 

2.5 

5.9 

H 

1           100 

1».2S 

7.4 

2.5 

5.9 

4      . 

100 

19.28              1 

8.6 

2.r» 

6.1 

5 

100 

19.2S              1 

O.S 

2.5                1 

4,3 

6 

100 

19.2S              1 

O.S 

2.5 

4.3 

In  Table  XXIV,  we  have  the  results  of  6  tests  on  ammonia 
consumption  in  soils  to  which  finely  chopped  straw  has  been  added  at 
the  rate  of  approximately  20  tons  per  acre.  The  results  are  so  definite 
that  comments  are  hardly  necessary.  The  ammonia  consuming 
power  of  the  untreated  soil  was  2.5  mgm.  Ammonia  determined 
by  the  aeration  method  (55). 

It  has  been  suggested  in  the  preceding  pages  that  ammonification 
is  an  expression  of  an  unbalanced  bacterial  medium  in  which  the 
nitrogen  of  the  organic  matter  was  in  excess  of  the  bacterial  food 
requirements.  This  assumption  was  due  to  the  results  obtained  in 
ammonification  tests  and  ammonia  consumption  tests  where  the  energy 
material  was  in  excess.  One  would  therefore  be  inclined  to  assume 
that  ammonification  was  an  expression  of  an  unbalanced  bacterial 
medium  in  wiiich  the  nitrogen  was  in  excess  of  the  available  energy 
material.  It  is  possible,  however,  that  another  food  constituents 
might  at  times  be  the  factor  limiting  the  accumulation  of  ammonia. 
Furthermore,  certain  results  previously  mentioned  lead  to  the  as- 
sumption that  available  plant  food  constituents  were  also  the  food 
constituents  of  microorganisms  that  were  in  excess  of  the  nutrient 
energy  ratio   of  the   microorganisms.     These   two   statements,   while 


*Saniples    were    taken    to    a    depth    of    eight    inches    and    mixed    thoroughly 
Therefore,  it  is  equivalent   to  adding  the  straw  to  8/12  of  an  acre  foot. 
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TABLE  XXV.    THE  EFFECT  OF  INCREASING  QUANTITIES  OF  PHOSPHATES  ON 
AMMONIFICATION  OF  CASEIN  BY  B.  MYCOH>ES.     6  DAY  TEST. 


Lab. 
No, 


cc.  of  1/1000  Mono-Plios. 


Inoculation 


Mgm.  of  ammonia 
formed 


Million  of  bacteria 
per  cc. 


.)• 

None 

1 

None 

None               1 

X 

1 

Casein    and    distUled 
water   only 

1  CO.  of  72  hr. 
culture  B. 
mycoides 

•  • 

No  growth 

2 

■  ■ 

.« 

4* 

»4                           t« 

3 

4 

All    nutrients 

except    P 

" 

5.4 

7.5 

•  • 

it 

4.9 

6.1 

*> 

All    nutrients 

-f  .1  cc.  P 

•  ft 

«.4 

9.2 

•  • 

•  • 

6.1 

9.4 

7      1  All    nutrients 

4- .2  cc  P 

i* 

7.8     • 

10.1 

s      1 

" 

7.0 

9.7 

1»     J  All     nutrients 

+  .3CC  P 

ftk 

9.2 

12. 

11 

.. 

■  ft 

8.7 

10.6 

All     nutrients 

+  .4ccP 

•■ 

8.2 

11.0 

12 

«• 

•  • 

9.9 

13,0 

13 

All    nutrients 

-f-  .0  CO.  P 

»» 

lU.O 

L              13.3 

14 

»• 

■  * 

1                 11.2 

14.9 

ir. 

All    nutrients 

-f  1  cc.  P 

•• 

1                15.7 

1               17.2 

Hi     1 

•  * 

1 

lu.y 

17.6 

•  Residual    ammonia    determination,    not    inoculated. 

supplementing  each  other,  are  apt  to  leave  the  impression  that  the 
amount  of  ammonifleation  and  liberation  of  the  concomitant  available 
I)lant  food  constituents  are  solely  dependent  upon  the  amount  of 
oiiergy  material.  Such  is  not  of  necessity  the  case.  There  may  be 
a  medium  in  whjch  there  is  an  excess  of  nitrogen  over  energy  and 
obtain  only  a  limited  evolution  of  ammonia  because  some  other 
element  necessary  for  bacterial  development  was  present  in  very 
small  quantities.  To  test  this  view  and  thus  accredit  the  other 
necessary  elements,  their  proportions  of  influence,  5  liters  of  a  medium 
was  made  up  conforming  in  every  way  to  medium  No.  2,  with  the 
exception  of  phosphorus  and  potassium.  This  medium  was  then 
divided  in  half  and  one  half  received  the  required  amount  of  potassium 
and  measured  out  in  100  cc.  portions  and  placed  in  500  cc.  non- 
sol  erlenmeyer  Hasks.  Four  100  cc.  portions  of  a  medium  con- 
taining casein  only  where  inoculated  as  controls.  These  were 
checked  by  four  100  cc  portions  containing  casein  and  all  nu- 
trients excepting  phosphorus  as  controls  for  the  phosphorus  in  the 
rasein.  Four  other  100  cc  portions  were  labelled  for  residual 
ammonia  determinations.  12  of  the  flasks  containing  100  cc  portions 
of  the  medium  were  arranged  in  a  series  to  test  the  effect  of  increas- 
ing quantities  of  phosphorus.  The  phosphorus  was  added  as  follows: 
To  the  first  two  flasks  .1  cc.  each  of  1  to  1000*  phosphate  solution. 
To  the  second  two  flasks  .2  cc  and  so  on  up  to  .5  cc.  The  two  re- 
maining flasks  received  1  cc.  each  of  the  phosphate  solution.  The 
potassium  series  after  receiving  the  proper  amount  of  phosphorus. 
^^e^e  treated  in'  a  similar  manner,  receiving  .1  cc  .2  cc,  etc., 
up  to  1  cc.  The  two  remaining  set  of  duplicates  in  the  series 
received  respectively  1.5  cc  and  2  cc  The  entire  set  of  flasks 
were  then  sterilized   in  the  autoclav  at  10  pounds  for  15  minutes. 

•One  gram   of   Ca    (H2P04)2   in    1000   cc.   distilled   water. 
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TABLE  XXVI.  SIX  DAY  TEST  ON  EFFECT  OF  INCREASING  QUANTITIES  OF  POTASSIUM 
SULPHATE  UPON  THE  AMMONIFIGATION  OF  CASEIN  BY  B.  MYGOIDES 


Lab. 
No. 

T 

c.c.  of  l/l(X)0K2SO4 

Inoculation 

Mgm.  of  NHa 
produced 

Millions  of  baeU^ria 
per  c.c. 

1 

All    nutrients    except    K 

1     1  c.c.  of  72  hr. 
1     culture  of  B. 
'          niycoides 

None 

None 

2 

■  • 

•  ■ 

•  ft 

«. 

.-{ 

All    nutrients    +  A  c.c.    K 

»  k 

0. 

.. 

4 

■  ft 

t  ft 

0. 

•> 

5 

AU  nutrients   -J-.2  c.c.  K 

ih 

1.5 

.    4.7 

« 

»  k 

•  « 

1.9 

4.0 

7 

All  nutrients   -f..S  c.c.  K 

*ft 

4.a 

5.6 

8 

ft  ft 

*k 

4.0 

4.0 

9       1 

All  nutrients   -f-.4  c.c.  K. 

•• 

7.1 

8.0 

10 

1 1 

ft* 

7.3 

7.9 

11 

All   nutrients    f.5  c.c.  K 

ft  a 

10.7 

11.2 

12 

•  ft 

«k 

11.1 

13.1 

IH 

All  nutrients    -\-.ii  c.c.  K 

•  ft 

11.0 

13.3 

14 

.. 

b  ft 

12.2 

13.8 

15 

All  nutrients    +.7   c.c.  K 

ft  ft 
4ft 

13.7 

15.0 

1(5 

b% 

13.0 

15.7 

17 

All  nutrients    -\-.ti  c.c.  K 

i  ft 

14.S 

18.2 

18 

k  • 

ft  ft 

14.tJ 

19.0 

19 

All  nutrients   +.9  c.c.  K 

•  ft 

12.4 

14.0 

20 

•  ■ 

•  ft 

14.7 

19.3 

21 

All  nutrients    +  1   c.c.  K 

1 

14.S 

20.6 

22 

fti 

■  1 

14.7 

21.1 

23 

All   nutrients    1.5   c.c.   K 

ft* 

14.8 

22.0 

24 

ft! 

••                                                   1 

lo.O 

24.5 

25 

•Vll  nutrients  2  c.c.  K 

4* 

14.9 

23.8 

2(5 

•' 

•• 

14.8 

24.7 

After  standing  72  hours,  all  of  the  flasks  excepting  those  for  residual 
ammonia  were  inoculated  with  1  c.c.  of  a  72  hour  culture  of  B. 
mycoides.  The  arrangement  and  results  are  given  in  the  following 
tables.  Ammonia  determinations  were  made  by  the  aeration  method 
as  developed  by  1 'otter  and  Snyder  (55).  This  method  was  tested 
by  the  addition  of  known  amounts  of  ammonium  sulphate  to  soils  and 
solution  and  thus  far  has  given  satisfactory  results. 

Unfortunately  the  room  temperature  ranged  from  22^  to  28.5°  C. 
during  the  period  of  incubation.  Consequently,  the  amount  of  am- 
monia lilierated  during  6  days  is  comparatively  low. 

The  previous  assumption  of  the  influence  of  other  necessary 
constituents  was  based  upon  the  probability  that  the  liberation  of 
nitrogen  as  ammonia  comes  about  by  reason  of  the  organisms'  effort 
to  secure  energy  by  oxidation  of  nitrogenous  compounds.  In  other 
words  the  series  of  reactions  by  which  the  organisms  left  some 
ammonia  nitrogen  as  an  end  product  are  not  to  be  regarded  as 
efforts  to  secure  nitrogen  but  energy.  Under  the  conditions  of  the 
foregoing  experiment,  the  amount  of  energy  required  would  not  be 
governed  by  the  amount  of  nitrogen  present  but  by  the  amount  of  the 
limiting  element.  Tn  one  instance  the  limiting  factor  was  phosphorus 
and  in  the  other,  potassium.    Tn  Table  XXV,  the  amount  of  casein  de- 
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composed  for  energy  was  governed  by  the  amount  of  phosphorus  pres- 
ent and  in  Table  XXVI  it  was  governed  by  the  amount  of  potassium. 
As  the  nitrogen  in  the  casein  was  in  excess  of  the  energy  required  by 
H.  myeoides,  the  amount  of  ammonia  left  in  the  media  was  in  the 
first  instance  proportional  to  the  amount  of  phosphorus  and  in  the 
second  proportional  to  the  potassium.  On  the  other  hand  it  is  easy  to 
see  that  if  the  energy  had  been  in  excess  of  the  nitrogen,  there  would 
not  have  resulted  any  accumulation  of  ammonia  with  increased  addi- 
tions of  phosphorus  or  potassium,  but  an  increased  bacterial  number 
with  ammonia  nitrogen  assimilated  to  the  limit  of  availability. 

It  may  therefore,  be  concluded  that  in  the  presence  of  abundant 
nutrients,  the  accumulation  of  ammonia  from  the  decomposition  of 
a  nitrogenous  compound  which  serves  as  a  source  of  nitrogen  will 
take  place  if  the  nitrogen-energy  ratio  of  the  medium  is  in  excess 
of  the  nitrogen-energy  ratio  required  by  the  organism.  The  amount 
of  ammonia  which  will  accumulate  within  the  medium  will  approxi- 
mate the  amount  which  represents  the  nitrogen  (liberated  as  NHg) 
that  was  in  excess  of  the  nitrogen-energy  ratio  of  the  organisms. 
In  the  presence  of  a  limited  amount  of  one  or  more  elements  necessary 
for  the  development  of  the  ammonifying  organism,  the  amount  of 
ammonia  which  will  accumulate  in  a  medium,  whose  nitrogen-energy 
ratio  is  in  excess  of  the  ratio  of  nitrogen  to  energy  required  by  the 
organism,  is  proportional  to  the  limiting  food  element.  Conversely, 
if  the  energy-nitrogen  ratio  of  the  medium  is  equal  to  or  in  excess 
of  the  ratio  of  energy  to  nitrogen  required  by  the  organism,  the 
amount  of  ammonia  which  accumulates  within  the  medium  will  ap- 
proximate the  amount  necessary  for  a  concentration  which  represents 
an  equilibrium  between  the  rate  of  liberation  and  the  rate  of  assimila- 
tion. If  phosphorus  or  potassium  or  any  other  nutrient  element  is  the 
limiting  factor,  the  number  of  bacteria  would  be  determined  by  the 
limiting  element  within  a  certain  range,  regardless  of  the  energy 
nitrogen  ratio. 

The  results  of  the  previous  experiment  and  particularly  those 
recorded  in  Tables  I.  II,' III,  IV,  VI,  VII,  XX,  XXIII,  XXV. 
XXVI  lead  the  writer  to  believe  that  physiological  activities,  cannot 
be  used  to  measure  such  function  as  are  associated  with  multiplication 
of  either  pure  (56)  or  mixed  cultures  (31).  As  pointed  out  by 
Iliine  (67)  the  stimulating  action  of  various  poisons  is  clearly 
demonstrated  by  the  directly  increased  intensity  of  cell  division 
of  the  bacteria.  By  means  of  the  plate  method  he  was  able  to 
obtain  exact  comparative  values,  between  the  stimulating  action  and 
the  increased  cell  division,  and  thereby  established  the  correctness 
of  Arndt's  law,  even  for  microorganisms.  Siich  a  course  should  be 
followed  in  determining  the  depressing  effect  of  various  anions  and 
cations  (56),  as  well  as  when  determining  the  effect  of  any  other 
agents  (31)  upon  bacterial  increase,  or  decrease  and  not  by  measuring 
the  effects  of  such  agents  by  variable  physiological  phenomena. 

Furthermore,  the  increase  of  ammonification  due  to  the  appli- 
cation of  phosphates,  as  noted  bv  Lipman  and  associates  (16)  (Bull. 
246,  P.  34),  Fred  and  Hart  (19)  (P.  54)  due  to  the  application  of 
a  sulphate  and  to  the  increase  in  the  number  of  bacteria  caused  by 


the  application  of  a  phosphate,  as  noted  by  Fred  and  Hart,  and  also 
by  Stoklasa  (as  cited  by  Fred  and  Hart  (19)  P.  53  and  McLean  and 
Wilson  (17)  confirm  the  results  in  Tables  XXV  and  XXVI.  These 
results,  as  well  as  those  in  the  references  cited,  are  probably  due 
to  the  addition  of  a  nutrient  element  or  elements  that  is  preseiit  in 
the  medium  in  limiting  quantities^  Such  a  conclusion  does  not 
exclude  the  influence  that  such  elements  as  calcium  or  magnesium, 
etc.,  would  have  in  correcting  the  reaction  of  the  medium  or  the 
detrimental  effect  of  too  large  a  quantity  of  material. 

The  addition  of  soluble  nutrients,  such  as  phosphates,  nitrogen, 
potassium,  etc.,  to  an  unbalanced  bacterial  medium  (organic  matter, 
soils,  etc.)  increases  the  number  of  microorganisms  in  that  medium 
as  long  as  the  number  remains  below  the  possible  maximum.  The 
greater  number  of  microorganisms  causes  an  increased  decomposition 
of  organic  matter.  Increased  decomposition  of  organic  matter  usually 
causes  an  increased  evolution  of  COj.  The  evolution  of  COj  indicates 
a  narrowing  of  the  ratio  of  energy  to  nutrients  The  more  rapid 
the  evolution  of  COj  for  any  given  set  of  conditions,  the  sooner  the 
point  is  reached  where  the  readily  available  energy  falls  below  the 
amount  required  for  the  energy  nutrient  ratio  pf  the  flora,  and 
consequently  the  point  at  which  the  excess  nutrients  begin  to  accum- 
ulate as  available  plant  food.  When  the  ratio  of  energy  to  nutrients 
becomes  too  low,  bacterial  numbers  decline.^  This  is  illustrated  by  the 
bacterial  counts  given  in  Tables  XHI,  to  XVII  and  by  the  comparative 
'  low  counts  from  continuously  cropped  clover  (23)  lands. 

The  method  employed  in  arranging  and  explaining  the  data 
presented  in  this  bulletin  has  been  such  as  to  emphasize  the  direct 
action  of  soil  microorganisms  upon  organic  matter  ot  the  soil.  Like- 
wise the  assimilation  of  the  water  soluble  plant  food  constituents 
in  the  presence  of  energy  material  and  the  final  liberation  of  available 
plant  food  from  the  organic  matter  of  the  soil  after  the  ratio  of 
energy  to  nutrients  has  fallen  below  the  amount  required  by  the 
soil  flora  is  also  pointed  out.  No  data  has  been  presented  which 
should  weaken  the  conception  of  the  indirect  action  of  microorganisms 
upon  the  insoluble  mineral  constituents  of  the  soil.  The  solvent 
action,  of  organic  acids  liberated  by  the  decay  of  the  organic  matter 
and  such  acids  as  may  arise  from  purely  chemical  changes,  goes 
hand  in  hand  with  the  liberation  of  the  acids.  It  is  possible  that 
in  normal  soils  where  the  organic  content  is  not  excessive  that  the 
neutralization  of  the  acids  by  a  base  precedes  the  utilizatian  of  the 
acid*  for  energy,  at  least  as  far  as  the  actions  of  bacteria  are  concerned. 

That  the  solvent  action  of  these  soil  acids  plays  no  small  part 
has  been  demonstrated  by  numerous  chemical  experiments.  The  pot 
work  of  Clinton  and  Merrill  and  the  field  tests  of  several  years 
duration  of  Dyer,  Johnson,  Goesman,  Hess,  Jordan,  Newman,  Newman 
and  Clayton,  Lufton,  Wheeler.  Patterson  and  Thome  upon  the  use 
of  rock  phosphate,  as  cited  by  Tottinghara  and  Hoffman  (40),  have 
shown  the  value  of  rock  phosphate  as  a  fertilizer,  particularly  when 
used  with  organic  matter. 

*CarboTiic  acid  which  does  not  represent  available  energy,  does  not  enter 
into  this  phase. 
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The  experiments  of  Stoklasa  (38).  Koch  and  Krober  (57)  and 
Sackett  and  associates  (58)  show  the  indirect  action  of  bacteria  in 
making  soluble  the  phosphates  from  insoluble  compounds,  while  the 
recent  valuable  contributions  of  Hopkins  and  Aumer  (59)  shows 
in  a  very  decided  and  conclusive  manner  that  potassium  can  be 
obtained  from  the  so-called  ** insoluble  residue'*  of  soils.  This  work 
of  Hopkins  and  Aumer  demonstrates  also  the  influence  of  organic 
matter  upon  the  liberation  of  plant  food  constituents  from  the  in- 
soluble mineral  particles  of  the  soil.  Hopkins  and  Aumer,  speaking 
of  the  purpose  of  the  work  say:,  **the  chief  purpose  of  the  investi- 
gations reported  in  this  bulletin  was  to  secure  information  as  to 
the  power  of  decaying  organic  matter  to  liberate  potassium  from 
the  soils  abundant  supply 
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It  may  be  concluded  that  the  relation  of  .microorganisms  (bacter- 
ia) to  available  plant  food  may  be  best  explained  by  adding  two 
steps  in  the  process.  First,  the  more  or  less  complete  assimilation  of 
plant  food  in  the  presence  of  excess  energy  material  and,  second, 
the  accumulation  of  available  plant  food  from  the  organic  matter 
and  by  the  action  of  acids  npon  the  insoluble  mineral  particles  of 
the  soil  after  the  excess  energy  material  has  been  exhausted. 

The  addition  of  organic  matter  high  in  energy  material  results 
in  an  immense  increase  in  the  microorganisms  which  assimilate 
considerable  quantities  of  available  plant  food.  The  number  of 
microorganisms  involved  in  the  decay  of  the  organic  matter  may  at 
times  be  governed  by  the  soluble  form  of  the  limiting  food  element 
being  practically  exhausted  or  by  limited  energy  material  or  physical 
or  chemical  factofs.  A  solvent  action  of  acids*  liberated  from  the 
decaying  organic  matter  occurs  simultaneously  with  the  assimilation 
of  available  plant  food.  The  acids  thus  liberated  may  be  neutralized 
wholly,  or  in  part,  by  excess  ammonia,  alkaloids,  or  excess  basic  ions 
freed  from  the  decaying  organic  matter  and  by  the  basic  ions  obtained 
by  the -reaction  of  the  acids  with  the  insoluble  mineral  particles  of 
the  soil.  In  the  presence  of  excess  available  energy,  the  basic  plant 
food  elements,  neutralized  by  the  acids,  may  be  immediat-ely  assimi- 
lated wholly***,  or  in  part,  by  the  microorganisms.  After  the 
proportions  of  excess  energy  has  fallen  below  the  energy  nutrient 
ratio  required  by  the  ml  flora,  the  nutrient  elements  in  excess  of 
the  microorganisms  reqwirements  begin  to^  accumulate  "within  the 
soil.  The  organic  acids  formed  simultaneously  with  the  liberation 
of  available  plant  food  elements,  thru  the  decay  of  organic  matter 
acts  upon  the  insohible  mineral  particles  making  available  some 
of  the  plant  food  constituents  within  the  soil  grains.  The  plant 
food  constituents  liberated  from  the  organic  matter  after  the  excess 
energy  has  disappeared  and  those  liberated  by  the  action  of  acids 
upon  the  soil  grains  after  the  excess  energy  has  disappeared  becomes 
available  to  plants. 


•Amino  aridfl  as  well  as  the  lower  fatty  acids. 

••*Tn  this  connection,  note  the  comments  of  Tottingham  and  Hoffman 
comparing  the  conclusionB  of  Stoklasa  with  those  of  Rerverin, — Bibliography 
32.  p  296. 
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SUMMARY 


Bacterium  raycoides,  B.  subtilis,  B.  megatherium,  B.  vulgatiis, 
B.  proteus  and  Sarcina  liitea  can  assimilate  ammonia  from  ammonium 
sulphate  when  dextrose  is  present  as  a  source  of  energy  and  carbon. 

The  depressing  effect  of  dextrose  upon  the  ammonification  of  casein 
in  a  nutrient  synthetic  solution  by  pure  cultures  of  B.  mycoides,  B. 
subtilis,  B.  megatherium,  B.  vulgatus,  B.  proteus  and  Sarcina  lutea 
is  due  largely  to  dextrose  serving  as  a  source  of  energy,  thereby 
allowing  the  above  organism  to  consume  some  of  the  ammonia  liber- 
ated by  them  from  casein. 

The  presence  of  dextrose  does  not  inhibit  the  multiplication  of 
these  organisms  in  the  casein  solution,  but  it  sometimes  may  lessen 
the  amount  of  casein  decomposed  and  the  amount  of  ammonia  which 
accumulates  because  the  organism  can  utilize  the  ammonia  as  a 
source  of  nitrogen  and 'dextrose  as  a  source  of  energy.  The  same 
effect  probably  takes  place  when  dextrose  or  other  energy  material 
is  added  to  soils. 

These  six  ** ammonifying''  bacteria  in  a  synthetic  solution  con- 
taining dextrose  and  all  necessary  plant  food  elements  and  ammonia 
of  ammonium  sulphate  as  a  source  of  nitrogen  can  successfully 
compete  with  maize  seedling  for  the  plant  food  elements  when  grown 
in  quartz  sand  containing  12%  moisture  and  maintained  under 
conditions  which  exclude  other  organisms. 

When  casein  is  substituted  for  the  ammonium  sulphate  in  the 
medium  containing  dextrose,  B.  mycoides,  reduces  the  final  weight 
of  maize  seedlings. 

When  potassium  nitrate  is  substituted  for  ammonium  sulphate, 
under  the  above  conditions,  B.  megatherium  reduces  the  final  weight 
of  maize  seedlings. 

Within  the  limits  of  these  experiments,  the  presence  of  1  gram 
of  dextrose  in  1  liter  of  the  above  synthetic  solution  does  not  measur- 
ably lessen  the  growth  of  maize  seedlings.  One  tenth  gram  of  am- 
monium sulphate  in  1  liter  of  the  above  synthetic  solution  did  not 
prove  toxic  to  maize  seedlings. 

Under  the  conditions  of  the  experiment,  the  difference  in  grov^'th 
of  maize  seedlings  in  the  presence  and  absence  of  dextrose  may  he 
attributed  almost  wholly  to  the  competitive  action  of  the  bacteria. 
The  presence  of  available  energy  material  enables  bacteria  (micro- 
organisms) to  assimilate  available  plant  food  and  thereby  compete 
with  plants. 

The  terms  ''beneficial"  and  ''detrimental"  bacteria  when  applied 
to  saprophytic  organisms  have  only  a  relative  value.  Under  a  certain 
proportion  of  energy  to  nutrients,  the  beneficial  organism  may  become 
"detrimental"  and  vice  versa. 

Oats  grown  in  pots  containing  quartz  sand  are  greatly  reduced 
in  yield  when  dextrose  is  added  in  the  presence  of  limited  amounts 
of  plant  food.  When  dextrose  is  added  in  the  presence  of  abundant 
plant  food,  the  reduction  in  oat  yield  is  much  less.  The  reduction 
of  oat  yield  when  dextrose  is  added  with  limited  amounts  of  plant 
food  is  due  largely  to  the  competitive  action  of  microorganisms  and 
partly  to  the  unfavorable   condition   created   either  by   dextrose   or 
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the  decomposition  products  of  dextrose.  When  dextrose  is  added 
with  excess  plant  food,  the  reduction  of  oat  yield  may  be  due  either 
wholly  to  the  action  of  the  dextrose  and  its  products  or  to  excess 
of  other  plant  food  elements,  such  as  KNO3  or  (NH4)2S04. 

Soils  have  a  definite  ammonia  and  nitrate  consuming  power. 
The  addition  of  dextrose  or  straw  temporarily  increase  it.  When 
large  quantities  of  straw  (20  tons  per  acre)  are  added  to  soils,  there 
is  a  marked  decrease  in  the  ammonifying  power  and  a  marked 
increasing  in  the  ammonia  and  nitrate  consuming  power.  Plowing 
under  crop  residues  affects  the  soil  in  a  similar  way,  but  to  a  less 
extent.  The  disturbing  influence  of  organic  residue  is  largely  due 
to  the  excess  energy  material  which  causes  a  marked  temporary 
increase  in  multiplication  of  microorganisms  and  a  proportional  assimi- 
lation of  plant  food  elements  followed  upon  exhaustion  of  the  excess 
energy  material,  by  an  increased  liberation  of  plant  food. 

Within  certain  limits,  the  number  of  hacteria  and  the  ammonifi- 
eation  of  casein  in  a  synthetic  solution  by  B.  mycoides,  is  proportional 
to  the  quantity  of  phosphorus  or  potassium  added  when  the  phos- 
phorus or  potassium  is  present  only  in.  limited  amounts. 

The  flora,  the  energy-nitrogen  ratio  and  the  stage  of  decom- 
position must  be  fixed  before  a  constant  relation  will  hold  for  total 
numbers  of  microorganisms  and  a  soil's  ammonifying  power.  This 
conclusion  practically  eliminates  the  so-called  ** ammonifying  power'' 
as  an  index  to  soil  fertility. 

Ammonification  should  be  defined  as  that  process  in  which  the 
nitrogen;  of  the  organic  matter,  that  is  in  excess  of  the  energy- 
nitrogen  ratio  of  the  ammonifying  organism,  is  liberated  as  ammonia. 

There  probably  is  a  relation  between  the  ammonifying  pawer  of 
an  organism  and  its  energy-nitrogen  ratio.  A  nitrogenous  compound 
or  compounds,  capable  of  ammonification,  having  a  high  proportion 
of  available  energy  material  to  nitrogen,  has  a  low  ammonifyable 
coefiEicient  and  one  with  a  low  proportion  of  available  energy  material 
to  nitrogen  has  a  high  ammonifyable  coefficient.  There  probably 
is  a  relation  between  the  ammonifying  power  of  mixed  cultures  and 
the  sum  of  their  energy-nitrogen  ratios. 

Ammonification  is  an  expression  of  an  unbalanced  ration  for 
microorganism  in  which  the  nitrogen  is  in  excess  of  the  energy- 
nitrogen  ratio. 

For  a  certain  length  of  time  the  ammonifying  coefficient  tends 
to  approach  zero,  if  the  available  energy  material  is  equal  to  or  in 
excess  of  the  energy-nitrogen  ratio  of  the  flora,  and  will  tend  to 
approach  the  maximum  if  the  available  energy  material  is  less  than 
the  energy-nitrogen  ratio.  The  shortage  or  absence  of  other  nutrients 
does  not  materially  affect  the  ammonif>^ing  coefficient,  but  does 
affect  the  quantity  of  ammonia  which  accumulates  within  a  medium. 

The  competition  of  microorganisms  for  plant  food  constituents 
is  at  its  maximum  when  there  is  excess  available  energy  material 
at  their  disposal  and  approaches  a  minimum  as  the  available  energy 
material  falls  below  the  energy  nutrient  ratio.  To  a  certain  extent, 
the  reverse  is  true  of  the  accumulation  of  plant  food  constituents. 
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A  poiuf  may  bq  reached  when  the  liberation  and  accumulation 
of  plant  food  constituents  is  retarded  if  the  proportion  of  available 
energy  material  to  nutrients  falls  too  low.  This  may  take  place  in 
decomposed  manures  or  in  the  organic  matter  of  cultivated  soils 
to  which  organic  matter  has  not  been  added  for  some  time. 

The. addition  of  organic  matter,  high  in  available  energy  material, 
may  temporarily  retard  nitrification  first  by  the  assimilation  of  am- 
monia by  the  decay  microorganisms,  second  by  the  assimilation  of  the 
nitrates. 

Molds,  most  probably,  play  an  important  part  in  the  aerobic 
decomposition  processes  of  the  soil.  They  are  active  in  the  assimi- 
lation of  plant  food  constituents  during  the  first  stage  of  decomposi- 
tion of  crop  residues  and  later  may  play  just  as  important  a  part 
as  the  bacteria  in  liberating  plant  food  constituents.  Yeasts  and 
algae  are  not  necessarily  insignificant  factors. 

The  cellulose  decomposing  bacteria  and  molds  unquestionably 
exact  toll  from  the  soluble  plant  food  constituents  to  build  cell  sub- 
stance while  obtaining  energy  from  the  cellulose  and  incidentally^ 
convei:t  the  cellulose  into  forms  available  to  other  organisms. 
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COMPOSITION  OF  THE  MAIZE  PLANT 

By  J.  W.  Ince 

During  the  past  two  years,  1914  and  1915,  a  project  was  carried 
on  by  the  North  Dakota  Experiment  Station  for  determining  the 
yield  of  mineral  matter  and  organic  constituents  of  the  maize  plant 
under  North  Dakota  conditions.  The  object  of  these  trials  was  to 
test  corn  at  a  number  of  stages  in  its  development  to  ascertain  the 
increase  in  food  value  of  the  plant  for  the  several  periods  of  growth 
and  the  best  stage  for  cutting  corn  for  silage.  The  stages  selected 
n^ere  when  the  corn  was  in  tassel,  in  milk,  in  the  dough,  when  glazed 
and  when  fully  ripe.  In  1914  the  trials  were  carried  on  at  the  Cen- 
tral Experiment  Station  and  the  sub-stations  located  at  Dickinson, 
Edgeley  and  Williston.  In  1915  the  trials  were  limited  to  the  central 
station.  The  varieties  used  were  considered  satisfactory  for  each 
respective  region,  at  Dickinson  and  Williston,  Northwestern  dent,  at 
Edgeley,  Minnesota  No.  23  and  at  the  Experiment  Station,  Mercer 
flint. 

It  is  important  to  note  the  climatic  conditions  under  which  the 
corn  was  grown,  not  only  because  this  plant  responds  directly  to 
climatic  factors,  but  also  because  of  the  particular  interest  attached 
at  the  present  time  to  the  culture  of  corn  in  North  Dakota.  The 
following  meteorological  observations,  made  at  this  Experiment  Sta- 
tion, are  available  for  such  a  study.  The  total  annual  rainfall  for 
both  1914  and  1915  was  approximately  the  same,  16.52  and  16.93 
inches  respectively,  but  less  than  the  average  for  a  twenty  year 
period  (1893-1913),  namely  20.25  inches.  The  total  rainfall  for  the 
growing  period.  May  to  October  inclusive,  was  practically  the  same 
in  both  years,  14.11  for  1914  and  14.47  inches  for  1915,  but  again 
less  than  the  average  for  the  twenty  years  above  mentioned,  16.23 
inches.  The  distribution  of  the  rainfall  during  the  summer  months 
of  both  these  years  fluctuated  from  the  normal  in  about  the  same 
degree  though  the  greatest  variation  between  the  two  years  occurred 
in  May,  July  and  August;  in  1914  an  excess  of  rain  occurring  in 
July  and  August  and  in  1915  an  excess  in  May.  Generally  speaking, 
however,  the  precipitation  was  practically  the  same  in  both  1914  and 
1915  but  slightly  less  than  the  normal.  This  information  is  shown 
in  detail  in  Table  I  and  Chart  I  in  which  the  total  annual  rainfall 
and  the  rainfall  for  the  months  May  to  October  are  compared  with 
the  average  conditions  of  a  period  of  twenty  years. 

The  year  1914  was  warmer  than  the  average  with  the  single 
exception  of  August  when  the  difference  was  less  than  one  degree. 
The  year  1915  was  below  normal  temperature  except  for  September 
and  October.  In  other  words  the  mean  daily  temperature  of  the 
growing  period  was  slightly  different  from  that  of  the  twenty  year 
period  studied,  1914  being  nearly  four  degrees  higher  and  1915  one 
degree  lower  than  the  average.  It  is  interesting  to  note  that  July 
1914  was  the  warmest  month  on  record  for  the  twenty  two  years 
considered  in  this  data.  •  The  months  of  September  and  October  were 
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warmer  for  both  years  than  the  normal.  This  at  least  partially  ex- 
plains the  favorable  late  growing  weather  afforded  the  corn  for  these 
two  years.     The  detailed  data  is  given  in  Table  I  and  Chart  II. 


May    June    July  August  Septem-  Octo- 
ber   ber 

Chart  L    Bainfall  (inches). 

There  is  considerable  difference  in  the  sunshine  record  for  1914 
and  1915  (Chart  III)  and  some  variation  from  the  average.  Excepting 
September,  there  was  more  sunshine  in  1915  than  normal.  There  was 
more  or  less  fluctuation  in  1914,  half  the  months  being  below  normal 
and  half  above.  With  the  exception  of  October  1912  there  was  more 
sunshine  recorded  during  October  1914  than  for  any  other  October 
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in  the  years  studied.  The  first  killing  frosts  for  1914  were  October 
14,  29°.  and  October  26,  23° ;  and  for  1915  were  on  October  8,  24°. 
and  October  20,  27°. 

Inasmuch  as  the  season  of  1915  was  very  unfavorable  for  the 
growth  of  corn  it  might  be  well  in  this  connection  to  cite  the  results 
of  a  special  inquiry  made  for  this  year  by  the  U.  S.  Bureau  of  Crop 
Estimates  in  regard  to  the  maturity  of  corn  for  this  and  other 
states.  A  condensed  statement  of  their  findings  is  given  in  the 
Monthly  Report  for  December  30,  1915,  from  which  the  following 
table  was  taken. 


MATURITY  OF  OORN  CROP.  1915  AND  USUAL 

YEAR 

State 

Fully  matured 

Dough  stage 

Milk  stage 

Before  milk 
stage 

1915 

Usual 
year 

1915 

Usual 
year 

1915 

Usual 
year 

1915 

Usual 
year 

Indiana 

Illinois    

Afllcbigan     

Aiinnesota  .... 
Wisconsin     .... 

Iowa     

Missouri     

North  Dakota 
South  Dakota 
Nebraska    


Averages  for  10 
States    shown    .... 

Averages  for  entire 
crop     


80 

93 

16 

6 

4 

1 

0 

68 

92 

22 

7 

8 

1 

2 

35 

87 

42 

10 

16 

2 

7 

10 

86 

44 

10 

32 

3 

14 

10 

83 

44 

12 

32 

4 

14 

25 

88 

42 

10 

24 

2 

9 

93 

98 

7 

2 

0 

0 

0 

8 

60 

35 

25 

32 

10 

25 

26 

84 

34 

11 

30 

5 

10 

47 

93 

36 

7 

14 

0 

3 

51 

91 

29 

8 

15 

2 

5 

72 

95 

17 

4 

8 

1 

3 

0 
0 

1 
1 

1 

0 
0 
5 
0 
0 


0 
0 


The  amount  of  fully  matured  corn  in  North  Dakota  was  only 
about  one-eighth  of  that  of  the  usual  year.  On  the  other  hand,  when 
comparing  this  with  the  figures  for  Wisconsin  and  Minnesota,  the 
amount  of  fully  matured  corn  was  about  the  same  proportion  of  the 
usual  percentage  so  that  in  this  respect  this  state  was  in  no  worse 
condition  than  the  other  two.  As  would  be  expected,  the  percentage 
of  fully  matured  corn  in  the  usual  year  is  lower  for  North  Dakota 
than  for  the  other  states  listed.  This  fact  all  the  more  emphasizes 
the  importance  of  the  data  involved  in  this  investigation,  namely, 
that  special  effort  must  be  made  towards  securing  acclimated  early 
maturing  strains  of  com  for  this  state. 

In  general,  then,  the  rainfall  for  both  1914  and  1915  was  less 
than  the  normal,  the  growing  season  of  1914  warmer  than  usual  and 
19)5  cooler  than  usual.  The  period  of  sunshine  for  1914  was  below 
normal  and  for  1915  above  normal.  The  rainfall  for  these  two  years 
was  the  same;  the  temperature  and  sunshine  were  different;  and  there 
was  apparently  no  relation  between  the  last  two  factors.  Due  to 
unfavorable  growing  conditions  there  was  less  corn  maturing  in  1915 
in  the  middle  northern  states  than  in  the  average  year  and  North 
Dakota  was  one  of  the  states  affected  by  this  condition. 

In  1914  the  crop  was  grown  in  hills  and  was  given  good  cultiva- 
tion and  good  general  conditions.  On  the  several  dates  for  testing  the 
corn,  a  measured  area  equivalent  to  one-tenth  or  one-fifth  acre, 
representing  the  average  condition  of  the  field  for  each  period,  was 
'»arefully  cut  and  weighed.     Such  a  fraction  of  an  acre  served  as  a 
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basis  for  obtaining  the  yield  of  the  corn  per  acre.  Three  smaller 
portions,  each  one  rod  square,  were  cut  out  of  the  larger  area, 
weighed  separately  and  field  cured.    Later  the  sample  which  was  the 
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average  in  weight  and  general  conditions  was  sent  to  the  chemical 
laboratory  of  the  experiment  station  for  analysis.  Ears  of  com,  in 
most  cases,  were  carefully  removed,  weighed  and  analyzed  separately. 
For  the  analysis  of  the  corn  samples  the  methods  of  the  Official 
Agricultural  Chemists  were  used  in  making  the  different  determina- 
tions, all  analyses  being  made  in  duplicate.  In  1914  two  sets  of 
analyses  were  made,  namely,  upon  the  complete  plant  and  the  cars, 
that  is  the  cobs  and  kernels.  In  1915  the  stalks,  blades  and  husks 
were  analyzed  together,  and  the  ears,  that  is  cobs  and  kernels,  were 


Fig.  1. — Corn  at  flrst  euttlog. 

analyzed  separately  and  the  data  from  these  two  sets  of  analyses 
computed  for  the  complete  plant.  This  was  the  only  difference  in 
method  of  procedure  in  the  two  years.  In  both  cases  the  stalks  and 
ears  were  cut  up  separately  in  a  fodder  cutter.  The  corn  was  cut 
in  the  field  about  two  or  three  inches  above  the  surface  of  the  ground. 
A  comparison  of  the  samples  selected  for  analysis  in  1915  with 
the  larger  cuttings  made  for  yields  indicated  that  there  was  an 
unconscious  tendency  to  partly  favor  the  analytical  samples.  While 
the  average  number  of  stalks  per  hill  and  the  average  weight  per 
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hill  of  the  selected  samples  was  greater  than  for  the  average  of  the 
larger  area,  the  average  weight  per  stalk  was  less.  This  may  mean 
that  the  more  luxuriant  looking  hills  were  selected  by  the  analyst, 
though  every  effort  was  made  to  be  impartial  and  to  secure  samples 
which  represented  average  conditions  at  the  time  they  were  taken. 
Other  investigators  have,  however,  had  some  diflSculty  in  selecting 
samples  of  plants  for  analytical  purposes,  especially  of  corn  which 
responds  so  much  to  local  conditions. 

In  the  1914  trials  the  dates  for  harvesting  the  different  stages 
of  growth  varied  considerably  at  the  different  stations,  the  tasseled 
stage  for  example  varying  from  July  11th  to  August  8th  and  the 
ripe  stage  from  September  10th  to  October  16th,  a  variation  of  about 
one  month  in  each  case.  In  addition  to  this  inequality  of  maturity 
at  the  different  stations  there  is  the  added  difficulty  of  each  man 
selecting  approximately  equivalent  stages,  all  of  which  points  should 
be  borne  in  mind  when  comparing  results.  And  moreover  there  is 
the  further  possibility  that  the  samples  may  have  been  either  slightly 
under  or  over  the  stage  desired. 

FIELD   DATA   IN   BEGARD   TO   SAMPLES,   1914. 

GROWN   AT    DICKINSON. 

A  destructive  hail  storm  visited  this  station  early  in  the  season 
but  it  was  decided  to  continue  the  trial.  The  leaves  of  the  corn  were 
badly  split  but  the  ears  were  developing  and  were  handicapped  only 
by  the  amount  of  crippling  that  the  lacerated  leaves  represented. 
The  land  used  in  the  trial  was  alfalfa  sod  broken  in  the  spring  to 
a  depth  of  seven  or  eight  inches  and  thoroughly  disced  and  harrowed 
until  planting  time.  The  corn  was  planted  May  15th,  and  appeared 
above  the  surface  May  27th.  It  was  harrowed  on  June  9th,  and 
cultivated  on  June  17th  and  23rd  and  July  14th.  Some  volunteer 
a'falfa  came  up  after  the  last  cultivation  but  not  enough  to  materiaUy 
hinder  the  growth  of  the  com. 

GROWN    AT    WILLISTON. 

The  corn  was  planted  May  30th  and  appeared  above  the  ground 
June  8th.  The  field  was  cultivated  June  9,  17,  24,  July  6,  8,  27th, 
and  August  4th.  A  light  frost  on  August  26th  tipped  some  of  the 
leaves  but  apparently  did  not  injure  the  corn. 

GROWN    AT   CENTRAL    EXPERIMENT    STATION. 

The  ground  was  fall  plowed,  double  disced  on  May  21st,  and 
harrowed  May  22nd.  The  corn  was  planted  May  23rd.  Later  it  was 
thinned  down  to  three  stalks  per  hill.  The  horse  weeder  was  used 
June  6th  and  it  was  hand  hoed  on  June  16th  because  of  the  recent 
rains  which  had  been  very  heavy  and  had  not  drained  away  readily. 
This  water  standing  upon  part  of  the  plot  for  some  time  may  have 
caused  an  inequality  in  the  maturing  of  the  com.  This  inequality 
was  quite  noticeable  in  the  samples.  The  plot  was  cultivated  June 
24th,  July  3,  7  and  16th. 
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The  maximum  ^een  weight  of  the  corn  was  the  greatest  at  the 
dough  stage,  with  the  single  exception  of  that  grown  at  the  Central 
Experiment  Station.  The  maxinium  amount  of  dry  matter  appeared 
in  the  glazed  stage  at  Edgeley  and  the  Central  Experiment  Station 
and  in  the  ripe  stage  at  Williston,  The  percentage  of  dry  matter 
in  the  corn  shows  a  constant  increase  during  the  growth  for  all  the 


Fig.  2— Corn  at  cutting  of  September  18th. 

localities.  The  different  kinds  ot  nutrient  materials  varied  some- 
what from  one  stage  to  another  but  not  more  than  would  be  expected 
when  the  effects  of  the  many  factors  involved  are  considered.  When 
the  average  of  the  four  trials  for  1914  is  considered  it  is  found 
that  the  maximum  green  weight  occurs  at  the  dough  stage,  and  the 


COMPOSITION    OF    THE    MAIZE    PLANT  11 


maximum  weight  of  dry  matter  at  the  ripe  stage,  though  there  is 
not  much  diflference  between  that  stage  and  the  glazed.  The  nitro- 
gen-free extract,  or  carbohydrates,  reaches  its  maximum  at  the 
glazed  stage  though  that  amount  is  only  very  slightly  greater  than 
that  for  the  ripe  stage.  The  amount  of  ash  is  practically  constant 
for  all  the  stages  except  the  tasseled.  The  detailed  data  giving  the 
yields  for  these  samples  appears  in  Table  II. 

There  is  very  little  abnormal  fluctuation  shown  in  the  analysis 
of  the  samples.  As  the  crop  matures  the  dry  matter  steadily  increases 
and  the  constituents  of  this  dry  matter  also  tend  to  increase  in 
amount.  This  was  true  in  the  case  of  nearly  every  constituent 
studied  in  these  samples.  For  example  the  summary  of  the  1914 
analyses  upon  the  original  basis  (Table  III)  indicates  that  there  is 
a  general  average  increase,  with  but  few  fluctuations,  for  both  crude 
protein  and  ash;  there  is  a  general  increase  of  carbohydrates  and 
with  but  one  exception,  of  crude  fat.  When  the  results  are  computed 
to  the  dry  matter  basis,  however,  it  is  found  that  some  of  the  con- 
stituents increased  so  rapidly  in  the  corn  that  they  predominated 
over  the  other  materials  and  caused  a  relative  decrease  in  amount  of 
the  others.  The  fat  and  carbohydrates  are  the  groups  which  increase 
rapidly  as  the  corn  ripens  and  the  protein  and  ash  decrease.  This 
was  true  of  the  series  of  samples  studied  in  1914,  though  there  were 
a  few  fluctations  as  was  to  be  expected.  Table  IV  contains  the  sum- 
maries of  the  analyses  approached  from  this  point  of  view. 

The  location  of  the  1915  trial  at  the  Central  Experiment  Station 
was  a  series  of  four  adjacent  plots  in  one  of  the  rotation  fields.  The 
numbers  of  the  plots  upon  which  the  com  was  grown  were  12,  13, 
28  and  29  and  their  general  relation  is  shown  in  figure  1.  Plot  12 
was  manured  with  10  tons  rotted  manure  per  acre  in  the  fall  of 
1910,  five  years  before,  for  the  1911  crop.  Plot  13  was  similarly 
treated  with  5  tons  of  rotted  manure  per  acre.  All  four  of  the 
plots  were  seeded  to  wheat  in  1914  but  were  plowed  up  in  July  and 
fallowed.  The  preparation  of  the  plots  for  the  corn  grown  in  1915 
was  as  follows:  double  disced,  April  12th  and  May  11th;  harrowed. 
May  20th  and  24th;  planted.  May  27th;  harrowed,  June  3rd;  culti- 
vated, July  8th,  9th,  14th,  17th  and  23rd  and  August  5th  and  6th. 

It  was  originally  intended  to  harvest  large  samples  at  the  five 
stages  previously  mentioned  with  smaller. samples  for  analytical  pur- 
poses about  half  way  between  each  pair  of  the  others.  The  early 
part  of  the  season  was  so  cool  however,  that  the  corn  was  greatly 
retarded  and  ripened  unevenly.  Hence,  cuttings  were  made  at 
numerous  intervals  of  about  5  or  6  days,  every  second  or  third  lot 
being  harvested  on  a  tenth-acre  scale  for  the  yields  as  well  as  com- 
parative composition.  Notes  were  kept  upon  the  condition  of  the 
samples,  especially  the  range  in  the  maturity  of  the  ears.  While  the 
samples  do  not  represent  uniformly  definite  stages,  such  as  dough  or 
glared,  etc.,  they  may  be  taken  as  fairly  typical  of  the  general 
maturity  of  the  com,  in  so  far  as  it  was  possible  to  choose  the  average 
run  of  field  specimens.  The  field  and  analytical  data,  as  might  be 
expected,  show  some  fluctuations  in  maturity  from  one  harvesting  to 
another  but  these  are  not  any  greater  than  is  usually  met  with  in 
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Fig.  3. — Location  of  1915  trial,  plots  12,  13,  28  and  29. 
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this   kind   of   work.     The   yields   of  dry   matter,   etc.,   of   the   1915 
samples  as  determined  hy  analysis  are  given  in  Table  V, 

The  maximum  green  weight  of  the  1915  samples  was  between 
the  milk  and  dough  stages.  The  maximum  weight  of  dry  matter  was 
between  the  dough  and  ripe  stages,  practically  at  the  glazed  stage. 
The  carbohydrates  and  crude  fat  also  reached  their  maximum  at 


Fig.   4 — Com   after  last   cutting,   October   10th. 

this  stage  while  the  crude  protein,  fiber  and  ash  were  greatest  at  about 
the  dough  stage.  These  results  coincide  quite  closely  with  those  for 
1914.  It  is  desirable,  for  purposes  of  comparison  with  the  results 
for  1914  to  choose  sampies  of  com  from  the  1915  harvest  which 
represents  the  five  stages  previously  mentioned.     Within  certain  ap- 
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proximate  limits  it  has  been  possible  to  select  a  number  of  samples 
which  respond  to  thi^  need  fairly  well.  This  selection  results  principally 
by  using  the  samples  of  the  most  mature  corn  to  be  found  at  the 
various  stages  and  carefully  considering  the  notes  in  regard  to  the 
condition  of  the  ears  as  they  were  gathered.  There  is  a  gradual 
increase  of  the  different  constituents  from  the  tasseled  to  the  ripe 
stage  for  both  1914  and  1915.  A  comparison  of  the  summaries  of 
analyses  for  these  years  (Table  VI)  discloses  the  fact  that,  while 
there  is  some  diflference  in  values,  there  is  an  approximately  close 
similarity  in  the  composition  of  the  samples  representing  the  same 
stages  for  the  two  years.  The  dry  matter  is  about  9%  higher  for  the 
ripe  stage  of  the  1915  crop  than  for  the  1914  sample  and  this  diflfer- 
ence is  almost  entirely  due  to  carbohydrates. 

The  data  would  seem  to  indicate  that  (with  the  single  exception 
of  the  milk  and  dough  stages  for  1915)  the  1915  samples  were  more 
carefully  chosen  or  represented  a  greater  maturity  than  the  1914. 
Of  course,  it  must  be  recalled  that  in  1914  four  persons  made  the 
selections,  the  samples  were  from  different  localities  and  grown  under 
different  conditions.  And,  moreover,  with  the  corn  grown  at  the 
Central  Experiment  Station  in  1914  it  seemed  that  there  was  not 
much  diflference  in  the  various  samples  for  a  number  of  reasons.  For 
example,  the  first  sample  was  not  taken  early  enough,  the  maturity 
of  the  field  of  corn  was  uneven  and  the  samples  were  taken  at  too 
short  intervals.  The  summary  of  the  1914  samples  shows  one  or  two 
slight  fiuctuations  while  that  for  the  1915  crop  is  normal.  Considering 
all  the  factors  which  entered  into  the  growth  of  the  corn  for  the 
two  years,  there  is  not  much  diflference  in  the  percentage  figures 
except  for  the  larger  amount  of  dry  matter  and  carbohydrates  in 
the   ripe   stage   for   1915. 

The  diflfieulty  of  choosing  representative  samples  can  be  readily 
appreciated  from  the  nature  of  the  season  and  from  the  fact  that  a 
relatively  small  interval  of  time  was  allowed  between  cuttings.  An- 
other factor  which  undoubtedly  had  an  influence  in  the  maturity  of 
the  crop  was  the  large  number  of  suckers  and  the  rank  growth  which 
they  attained  towards  the  end  of  the  trial.  Inasmuch  as  this  growth 
of  suckers  probably  delayed  the  maturity  of  the  stalks  and  formed 
a  rather  large  portion  of  the  total  yield,  careful  notes  were  kept  upon 
this  condition.  Whereas  the  average  number  of  stalks  per  hill  for 
all  the  observations  made  throughout  the  trial  was  3.087,  the  average 
number  of  suckers  per  hill  was  3.41.  This  relative  abundance  of 
suckers  is  characteristic  of  the  Mercer  flint  variety.  When  weighing 
the  analytical  samples  of  the  last  four  cuttings,  the  suckers  were 
weighed  separately  and  found  to  make  up  from  5.2  to  10.0%  (an 
average  of  6.8%)  of  the  total  weight  of  the  samples.  It  is  important 
to  note  the  green  weights  of  the  individual  rows  as  they  were  cut. 
This  information  is  valuable  in  giving  an  idea  as  to  the  evenness 
of  the  stand.  The  sum  of  the  six  rows  cut  at  each  harvest  was 
exactly  one-tenth  acre.  The  range  in  the  weights  of  the  rows  cut 
at  one  time  is  very  great  but  diminishes  from  41%  of  the  maximum 
at  the  first  harvest  to  about  10.5%  for  the  fifth  harvest.  Detailed 
information  in  regard  to  the  stand  is  found  in  Table  VII. 
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Toward  the  end  of  the  growing  period,  when  it  was  feared  that 
an  early  frost  might  suddenly  terminate  the  trial,  samples  of  corn 
that  were  the  most  mature  to  be  found  in  the  field  at  the  time  were 
selected  for  analysis  and  comparison  made  with  the  run  of  field 
product.  As  a  result  of  three  such  comparisons  it  was  found  that 
there  was  considerable  diiference  in  the  composition  of  these  selected 
samples  and  that  the  difference  became  greater  as  the  trial  progressed. 
In  other  words,  here  is  a  field  of  com  that  because  of  unfavorable 
conditions  (in  this  case  cold  weather)  has  not  matured  evenly.  Out 
of  this  field  there  is  selected  at  three  different  times  two  sets 
of  samples,  one,  as  far  as  could  be  judged  the  average  of  the 
field  in  maturity,  and  the  other  the  most  ripe  to  be  secured. 
These  two  sets  were  analyzed  separately  and  the  chemical  analysis 
found  to  support  the  field  selection,  that  is  the  samples  chosen  as 
most  mature  were  found  to  have  a  higher  proportion  of  dry  matter 
and  its  individual  constituents  than  the  average  run  of  field  product. 
And,  again,  when  these  results  were  computed  to  a  basis  of  yield  in 
pounds  per  acre,  the  superiority  of  the  most  mature  samples  was 
apparent.  Assuming  the  same  yield  of  green  matter  in  both  cases, 
the  amount  of  nutrient  materials  as  protein,  fat  and  carbohydrates 
was  greater  for  the  riper  series.  This  was  true,  not  only  of  the  plant 
as  a  whole  but  also  of  the  cobs  and  kernels;  it  would  naturally  be 
expected,  of  course,  that  as  the  plant  matured  the  ears  would  give 
evidence  of  this  greater  maturity.  The  detailed  data  for  this  com- 
parison is  given  in  Table  VIII.  The  use  of  the  same  green  weight 
in  both  cases  might  be  criticised  because  it  may  be  said  that  the  green 
weight  decreases  as  the  corn  matures.  But  as  a  rough  measure  of 
comparison  they  are  interesting  in  suggesting  what  yields  might  be 
secured  under  favorable  circumstances.  An  illustration  of  the  dif- 
ference in  such  a  comparison  is  given  in  Table  IX.  In  this  case 
the  data  is  based  upon  analyses  of  the  most  mature  and  the  run 
of  field  corn  cut  October  9th.  The  yields  have  been  computed  to 
a  ten  acre  basis,  which  would  give  approximately  enough  silage  to 
fill  one  100  ton  silo. 

Another  interesting  result  of  this  trial  was  apparent  early  in 
the  season.  It  was  noticed  that  there  was  quite  a  difference  in  the 
maturity  of  the  corn  grown  upon  the  different  plots.  When  the 
cropping  history  was  examined,  it  was  learned  that  two  of  the  four 
plots  used  in  the  trials  had  been  manured  in  1910.  It  may  seem  that 
the  manuring  was  so  light  and  so  many  years  preceding  the  trial  as 
not  to  have  had  an  effect  in  this  particular  case.  There  was  certainly 
some  difference,  however,  in  the  corn  from  the  different  plots  and 
this  seemed  to  be  the  only  factor  which  could  be  judged  as 
responsible.  The  obvious  field  differences  in  the  appearance  of  the 
corn  and  the  differences  showed  by  the  analyses  continued  through 
the  season  and  it  seemed  advisable  to  tabulate  the  data  for  a  study 
of  the  effect  of  manuring  corn  upon  its  composition  and  maturity 
(Table  X).  With  the  exception  of  a  few  fluctuations  it  was  found 
that  in  the  majority  of  harvestings  there  was  a  greater  maturity  of 
the  manured  corn  than  of  the  unmanured.  For  example,  a  com- 
parison of  the  average  of  all  the  harvestings  of  the  manured  and 
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unmanured  samples  shows  that  with  the  average  number  of  stalks 
per  hill  practically  the  same,  there  was  a  greater  green  weight  of  the 
manured  com  for  the  stalk,  the  hill  and  the  acre  basis.  Moreover, 
the  average  percentage  of  dry  matter  was  considerably  greater. 
There  was  a  greater  number  of  suckers  as  well  as  ears  per  hill  upon 
the  manured  and  the  average  green  weight  of  the  ears,  their  propor- 
tion of  dry  matter  and  the  dry  matter  per  acre  was  greater  upon  the 
manured.  The  preceding  summary  applies  to  the  samples  taken  for 
analysis.  When  the  data  is  considered  which  was  compiled  for  the 
tenth-acre  yields  such  differences  do  not  appear  in  detail  but  the 
average  percentage  of  dry  matter  and  the  weight  of  dry  matter 
per  acre  are  slightly  larger  for  the  manured  than  for  the  unmanured. 
In  other  words,  the  relative  proportion  of  the  nutrient  materials  in 
the  crop  was  greater  in  both  the  whole  plant  and  the  ears  of  the 
samples  grown  on  manured  land  than  on  those  where  no  manure 
had  been  applied. 

For  purposes  of  reference  a  summary  of  all  the  analyses  for  1915 
made  at  the  different  stages  of  development  appears  in  Table  XL 
This  contains  the  same  information  as  given  in  previous  tables  but 
is  arranged  to  show  the  average  of  all  the  results  by  harvests. 

The  composition  of  the  corn  plant  at  various  stages  of  growth 
has  been  studied  by  a  number  of  investigators:  Babcock  and  Ladd 
working  independently  at  the  New  York  (Geneva)  Experiment  Sta- 
tion^; Jones  and  Huston  at  the  Indiana  (Purdue)  Experiment  Sta- 
tion^; Schweitzer  at  the  Missouri  Experiment  Station^;  and  Horn- 
berger  (Germany)*.  For  the  purpose  of  comparing  the  results 
obtained  under  North  Dakota  conditions  with  those  of  other  states 
where  similar  trials  have  been  carried  on,  a  number  of  tables  have 
been  inserted  in  this  report  which  summarize  the  results  of  those 
trials.  The  object  of  the  New  York  experiments  was  to  ascertain  the 
best  stage  for  cutting  corn  for  the  silo.  The  King  Philip  variety 
was  used  in  the  trial.  Among  other  results  Ladd  concluded  that  the 
greatest  weight  of  green  fodder  was  between  the  period  of  full 
silking  and  the  milky  stage  of  the  kernel;  that  the  total  weight 
diminishes  after  this  date  but  that  the  total  dry  matter  increases; 
that  between  the  period  of  glazing  and  full  ripening  of  corn  there 
was  a  large  increase  in  amounts  of  sugar  and  starch;  that  for  the 
greatest  amount  of  nutriment  considered  from  a  chemical  standpoint 
com  should  not  be  cut  before  it  had  well  ripened.  A  condensed 
summary  of  Ladd's  results  appears  in  Table  XII. 

A  tabular  statement  of  the  Indiana  trials  is  given  in  Table  XIII. 
The  green  weight  was  not  given  in  the  report  but  it  is  evident  that 
the  maximum  amount  of  dry  matter  is  at  the  ripe  stage.  The 
maximum  amounts  of  protein,  fat,  fibre  and  starch  appear  in  the 
sample  which  bad  been  shocked  and  was  thoroughly  cured.  The 
ash  and  nitrogen-free  extracts,  however,  reached  their  maximum  at 
the  ripe  stage. 

1  8th  Annual  Report  (1890),  N.  Y.  (Geneva)  Agr.  Expt.  Sta. 

2  Bui.  175,  Ind.  (Purdue)  Agr.  Expt.  Sta. 

3  Bui.  9,  Mo.  Agr.  Expt.  Sta. 

4  A  Book  on  Silage,  F.  W.  Woll. 
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SUMMABY. 

The  harvesting  of  any  crop  grown  for  fodder  purposes  should 
occur  at  the  time  the  crop  has  the  greatest  food  value.  In  the 
case  of  maize,  for  example,  there  is  a  progressive  change  in  the 
composition  of  the  plant  as  it  matures,  the  percentage  of  water 
decreasing  and  the  percentage  of  the  dry  matter  constituents  increas- 
ing. When  applied  to  the  basis  of  yield  per  acre  there  is  an  increase 
in  amount  of  dry  matter.  It  may  be  stated,  as  a  general  principle^ 
therefore,  that  the  more  mature  the  corn  the  greater  the  quantity 
of  protein,  fat  and  carbohydrates. 

Corn  grown  in  North  Dakota,  however,  does  not  give  as  high 
yields  of  these  materials  as  com  grown  in  New  York  or  Indiana, 
nor  is  there  such  a  rapid  increase  of  them  from  one  stage  to  another. 
A  comparison  of  the  yields  of  dry  matter,  protein  and  carbohydrates 
of  these  three  states  (Table  XIV)  shows  the  maximum  yields  for 
North  Dakota  were  practically  reached  at  the  glazed  stage;  in  fact 
there  was  a  loss  of  protein  at  the  ripe  stage.  On  the  other  hand 
there  was  a  steady  increase  of  all  the  constituents  in  the  corn  grown 
in  Indiana  and  New  York  up  to  the  maximum  at  the  ripe  stage. 
In  other  words,  then,  no  variety  of  corn  should  be  grown  in  this 
state  which  will  not  reach  at  least  the  glazed  stage  of  maturity.  It 
is  not  advisable  to  grow  com  suitable  for  southern  states  on  the 
supposition  that  a  greater  yield  of  nutrients  is  obtained.  Such  corn 
will  not  mature  under  ordinary  circumstances  in  this  state  and  the 
dry  matter  constituents  will  not  increase  appreciably  as  the  season 
advances. 

Another  reason  why  varieties  of  corn  should  be  grown  in  North 
Dakota  which  will  reach  maturity  under  the  average  climatic  con- 
ditions of  the  state  is  that  more  mature  corn  makes  better  silage. 
Corn  cut  in  the  watery  stages  gives  a  poorer  silage  which  is  apt 
to  be  too  acid.  The  composition  of  the  riper  com  changes  less  in 
the  silo  and  there  is  less  loss  of  food  value  of  the  corn.  As  a  matter 
of  economy  also  there  is  less  water  to  be  handled  in  the  riper  crop 
and  the  com  is  easier  to  harvest  and  to  silo.  It  has  been  found  also 
that  com  cut  after  the  glazing  stage  is  more  easily  digested  than  that 
cut  before  the  glazing  stage.  In  a  summary  of  American  digestion 
experiments*  the  average  percentage  of  digestibility  of  corn  fodder 
and  of  com  silage  has  been  shown  to  be  greater  for  the  more  mature 
com. 

Corn  Fodder    Corn  Silage 

Cut  before  glazing  stage,  13  experiments  65.7  67.4 

Cnt  after  glazing  stage,  10  experiments  70.7  73.6 
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TABLE  I.     CLIMATIC  DATA 

(Observations  made  at  the  Central  Experiment   Station) 


Total    annual    rainfall    (inches) 


20-yr.    av.    »    20.25;        1914 — 16.32;        1915—16.93. 


Monthly   rainfall    (inches) 


20-yr.    av.* 
1914 — 
1915— 


May 
2.73 
0.81 
3.07 


June 
3.32 
6.28 
6.74 


July 
3.10 
3.10 
1.92 


Aug. 
2.98 
2.11 
0.94 


Sept. 
2.27 
0.80 
1.10 


October 
1.73 
1.01 
0.70 


Total 
16.2.'? 
14.11 
14.47 


Mean   daily   temperature    (by   months) 


May 

June 

July 
67.8 

Au£. 

Sept. 
57.6 

October 

Average 

20-yr.  av.* 

54.0" 

63.9 

06.3 

44.5* 

59.0 

1914— 

57.5 

64.5 

74.0 

65.5 

61.5 

53.5 

62.7 

1915— 

51.5 

59.0 

65.2 

65.2 

58.7 

48.3 

57.9 

Total    hours    of    sunshine. 


13-yr.   av.» 
1914— 
1915— 


May 
227.3 
238.5 
242.9 


June 
243.9 
195.6 
262.7 


I 


July 
285.7 
299.6 
299.8 


Aug. 
234.9< 
171.5 
300.6 


Sept. 
192.2 
140.8 
170.6 


October 
148.4' 
206.0 
148.8 


Total 
1332.4 
1252.0 
1425.4 


Average  daily  hours  of  sunshine. 


May 
7.33 

June 

July 

Aug. 

7.48 

Sept. 

October 

Average 

13-yr.   av.» 

8.13 

9.^1 

6.40 

4.79 

7.24 

1914— 

7.70 

6.52 

9.66 

5.53 

4.69 

6.64 

6.81 

1915— 

7.84 

8.76 

9.66 

9.70 

5.68 

4.80 

7.73 

t 

9 
1 
4 
S 
« 
7 


1893-1913    (1910)    omitted,   record   Incomplete). 

1894-1913   inclusive. 

Average  for  19  years. 

Average   for   17   years. 

1899-1913    (omitting    1910    &    1911) 

Average  for  11  years. 

Average  for  12  years. 
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TABLB  III.    SUMMARY  OF  TH£  ANALYSES  OP  1914  SAMPLES 

Whole    plant — Original    basis — ^Figures    in    percentage 


Crude  protein 


Carbohydrates 


TABLE  IV.     SUMMARY  OP  THE  ANALYSES  OP  1914  SAMPLES 

Dry  matter  basis — ^Figures  in  percentage 


Crude  protein 


m 
m 

•a 

3 

6 

(2 

m 
m 

1 

to 

9 

m 

o 

DicUason 
Edfelev    .... 
Wllliiiton    .. 
Ex.   Station 

2.12 
1.94 
2.13 
1.61 

2.14 
1.94 
1.79 
1.86 

2.76 
1.99 

1.78 
1.75 

\      2.41 

'      2.48 

2.34 

:      2.17 

3.46 
2.77 
3.53 
2.39 

5.23 
6.90 
7.11 
8.94 

10.90 
9.16 
8.97 

10.20 

13.72 

10.88 

9.33 

12.52 

15.26 
16.76 
14.22 
16.92 

20.00 

19.36 

21.92 

1    17.99 

ATenge — 

1.95 

1.93 

2.07 

1      2.35 

3.041 

7.04 

9.81 

11.61 

16.79 

.    19.82 

Whole  plant 


Cobs    and    kernels 


a 
o 

O 


N 

5 


a. 


m 


3 
O 

a 


01 

5 


Dickinson  17.42 

Edgelej     ^..  ,  13.73 

WllliBton    ..  >  14.42 

Ki.    SUtion  10.28 

Average    ....  I  13.96 1    11.25:    10.21  |      9^2^       9.23 


11.81 
11.58 
10.99 
10.62 


12.06 
9.96 

10.20 
8.62 


9.83 
9.29 
9.54 
8.32 


10.76 
8.92 
8.64 
8.60 


z 
z 
z 

z 


I      z 
I    13.00 

z 
z 


10.81 

9.81 

11.58 

10.35 


10.39 

10.02 

10.74 

9.20 


I 


I 


10.85 
10.30 
10.42 

8.87 


10.64  I    10.09  1    10.11 


Crude  fat 


Whole  plant 


Cobs   and    kernels 


Dickinson 
Edgeley    .... 
WilUston    .. 
Bz.    SUtion 

1.41  ;      1.20 
1.87  ;      1.73 
1.32  !      1.02 
1.34  ■      1.21 

2.06 
1.64 
1.41 
1.87 

2.05 
2.31 
2.07 
1.74 

3.27 
2.36 
1.46 
2.49 

z 
z 
z 
z 

2.86 

z 
z 

1.64 
1.95 
2.74 
2.13 

2.80 
3.44 
2.95 
2.86 

4.20 
3.16 
3.25 
2.91 

ATertge    

1.48        1.29        1.74  1      2.04  |      2.39 1 

z 

z 

2.09  1      2.89 

3.38 

Carbohydrates 


Whole  plant 

1 

Cobs    and    kernels 

Dickinson      i 
Edseley    .^. ' 
WiUtoton     .. 
Ez.    SUtion  ■ 

47.05 
49.26 
48.20 
67.80 

50.45 

60.25  1    59.96  \    62.85 
54.65  1    54.50      62.80 
55.00      53.20      67.85 
57.81      61.60      65.00 

>    62.21 
62.30 
53.75 
64.80 

z 

z 
z 
z 

z            73.70  !    75.02 

70.20      75.70      76.10 

z        1    71.25      72.65 

z           69.62      73.05 

74.50 
75.90 
73.10 
76.60 

Average    ....  » 

56.93  ;    57.31      62.00 1 

60.76 

1      z 

z            72.57      74.20 

75.02 

Ash 


Dickinson 

Houston    .. 
Bz,    SUtion 

Average    .... 


9.90 
9.16 
9.71 
7.55 


Whole  plant 


Cobs   and    kernels 


9.16 
8.17 
8.58 
7.86 


8.01 
7.74 
7.22 
5.92 


6.83 
6.35 
6.02 

5.18 


9.58  >      8.44  I      7.22  i      6.09 


6.09 

z 

5.54 

z 

7.25 

z 

5.20 

z 

6.02 1 

z 

2.64 

z 
z 


1.97  I 
2.18  I 
2.10  I 
1.97  I 


1.93 
1.^2 
2.25 
1.93 


2.05 


1.98 


1.90 

1.95 

2.23 

JL9^ 

2.01 


z  =  not  determined. 
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lalyaes  of  thre«  Tarletlra  grown  a 


LBVn.    NOTES  WITH  REGARD  TO  THE  STAND  or  CORN,  1 

6  rowB — 342  hills — !4o  acre  (Weights  in  ponnda) 


ill 

S5 
it 

RaoKcinwt.olrairi 

.  ~. 

■s 

J 

1 

Ang.    19     j    M.S' 

Sp"*!.  13         96:5 
S(>pt.  29         92.T 
Oct.    9            92.7 

Is? 

2.86 

sllB 

5:82 
7:48 

2:3B 

263.0 
liS5:7 

872.0 
4Si:5 

331.6 

11 

Average          93.6 

3.06T 

"  Tlm«  Ogurea  repreient  the  staad  ot  Mch  row  aa  cat.  The  data  la  i 
to  tiiiL  kn  idea  of  the  actual  fleld  condltlooB.  HIbbIds  iDd  Bbnormat  hlllfi  we 
pvpr,   replaced    by   adjacent   hllla    in  order   to   aeeure   the  yield  of   a    perfect   alan 

>  The  BveriKe  anmbrr  of  stalkii  per  bill  tor  all  of  the  hsrvesllngs  by  r 
Xmi.  Maltlplylng  Cbia  figure  by  3420,  the  Domber  of  hllla  per  acre,  gives  a 
10.560  stalks  per  acre. 
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Water     

Dry    matter 
Cmde   protein 

Cmde   fat    

Crude  fiber    ... 

Asb     ^ 

Carbohydrates 


TABLE  IX.     YIELD  PROM  TEN  ACRES  OF  CORN 

Grown  for  silage 


Late  mataring 
lbs. 


129,170 

48,100 

4,310 

922 

10,200 

2.482 

30.140 


Early  maturing 
lbs. 


101,670 

75.000 

6,026 

1,738 

14.000 

3.175 

60,660 


Note : — ^These  figures  are  based  upon  analyses  of  "mature**  and  "run  of  field"  corn 
cut   October  etb. 
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SOYA  BEAN  OIL 
ByW.  F.  Washburn 

Due  to  the  increasing  demand  for  linseed  oil  and  the  scarcity  of 
this  article,  paint  and  varnish  manufacturers  are  being  forced  to 
seek  a  substitute  for  this  important  material.  Of  the  many  oils  thus 
far  tested  for  this  purpose  the  oil  from  the  Soya  Bean  has  been  found, 
to  be  the  most  satisfactory  and  adaptable. 

Soya  Beans,  (Qlycine  Hispide)  sometimes  called  Soja  Bean,  is  an 
erect,  leguminous  plant,  somewhat  resembling  the  native  field  bean. 
It  is  a  native  of  Southeastern  Asia,  being  extensively  cultivated  and 
forms,  in  many  sections  of  the  Orient,  a  very  important  artice  of  food. 
According  to  Morse  of  the  Bureau  of  Plant  Industry,  U.  S.  Depart- 
ment of  Agriculture — **More  than  three  hundred  distinct  varieties 
of  soya  beans  are  known  and  have  been  grown  by  the  Department 
of  Agriculture  on  its  testing  grounds.  The  varieties  are  largely  dis- 
tinguished by  color  and  size  of  seed,  though  they  differ  in  maturity, 
habit,  etc.". 

In  certain  sections,  of  the  United  States,  chiefly  in  the  South,  the 
soya  bean  is  now  being  extensively  cultivated  as  a  forage  and  en- 
silage crop.  But,  up  to  the  present  time,  it  has  not  been  grown  to 
any  extent  for  the  seed.  On  this  account  the  oil  now  used  in  this 
country  is  imported  or  exprest  from  imported  beans. 

The  United  States  Commerce  Reports  for  1915  state  that  there 
were  imported  into  this  country  during  1915, — 21,335,213  pounds 
of  soya  bean  oil,  representing  a  value  of  $931,791.  From  this  I  would 
conclude  that  the  oil  is  being  received  with  favor  by  the  American 
Manufacturer.  * 

In  order  to  secure  a  domestic  supply  of  soya  bean  oil,  and  at 
the  same  time  a  more  dependable  product  than  is  now  being  re- 
ceived from  abroad,  the  Paint  Manufacturers  Association  has,  for 
the  past  four  years,  been  engaged  in  an  active  campaign  to  interest 
the  American  farmer  in  the  cultivation  of  the  soya  bean.  With  this 
end  in  view,  the  Association  through  the  co-operation  of  State  Ex- 
periment Stations  has  cultivated  many  varieties  in  an  attempt  to  de- 
termine those  best  suited  to  the  various  localities  and  to  produce  an 
oil  suitable  for  paint  purposes. 

At  the  request  of  the  Paint  Manufacturers  Association  this  de- 
partment has  determined  the  moisture  and  oil  content  of  many  sam- 
ples of  soya  beans  and  in  addition  has  determined  some  of  the  con- 
stants of  the  oils  exprest  from  the  different  samples.  These  sam- 
ples, representing  some  forty-five  varieties,  were  grown  in  a  number 
of  states  under  various  climatic  conditions  and  include  the  crops  of 
1912,  1913,  and  1914. 
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The  beans  were  prepared  for  analysis  by  being  ground  in  a 
mill  until  fine  enough  for  95%  of  the  meal  to  pass  thru  a  1-mm.  sieve. 
Only  a  few  lumps  remaining  on  a  2-mm.  sieve.  The  samples  for 
analysis  were  kept  in  stoppered  bottles. 

Determination  of  the  moisture  was  made  on  2  gram  samples  in 
a  vacuum  oven  at  100°  C.  maintained  for  5  hours  with  a  vacuum  of 
about  25  inches  of  mercury. 

The  crude  ether  extract  was  determined  by  the  direct  method, 
Bulletin  107  (Revised),  Bureau  of  Chemistry,  U.  S.  Department  of 
Agriculture. 

The  ground  beans  were  placed  in  cheese  cloth  bags  and  heated 
to  75-80°  C.  and  the  oil  exprest  by  means  of  hydraulic  pressure. 
The  oil  from  a  few  samples,  which  were  too  small  to  be  worked 
advantageously  in  the  press,  was  extracted  by  means  of  carbon 
tetrachloride. 

The  oil  constants  were  determined  according  to  the  methods 
given  in  Bureau  of  Chemistry,  U.  S.  Dept.  of  Agriculture,  Bulletin 
107  (Revised.) 

The  results  thus  far  obtained  are  of  a  preliminary  nature  and 
are  given  at  this  time  merely  for  guidance  in  further  experimental 
work.  However  this  work  clearly  indicates  that  soya  beans  grown  in 
this  country  have  practically  the  same  oil  content  as  the  beans  grown 
abroad  and  the  oil  has  approrimately  the  same  physical  and  chemical 
constants  as  that  exprest  from  foreign  seed. 

A  general  review  of  the  tabulated  results  would  indicate  that 
definite  conclusions  cannot  be  safely  drawn  as  to  the  effect  of  cli- 
matic conditions  on  the  content  and  the  quality  of  the  oil  of  the 
different  varieties  of  soya  beans,  until  the  beans  have  been  grown 
at  least  three  years  in  the  same  locality. 

Many  practical  exposure  tests  are  now  in  progress  at  this  Insti- 
tution to  determine  the  value  of  Soya  Bean  oil  as  a  paint  vehicle. 
In  this  work  Soya  Bean  oil  has  been  used  with  several  pigment  com- 
binations both  alone  and  in  combination  with  other  paint  oils.  A 
report  on  this  part  of  the  work  will  be  presented  as  soon  as  sufficient 
data  have  been  obtained. 


TABLE  I.     SOYA  BEANS 
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128.0 

192.9 

1.4730 

.9259 

1798 

205 

N.    J. 

22.64 

127.5 

193.1 

1.4730 

.9249 

1857 

204 

N.    .T. 

21.09 

Straw 

132.35 

193.9 

1.4738 

.9271 

1938 

210 

Ky. 
111. 

12.81 

V.    Dark 

117.9 

190.6 

1.4715 

.923}* 

1960 

200 

15.83 

Straw 

126.4 

194.2 

1.4730 

.926 

1968 

208 

Ala. 

Straw 

128.9 

192.0 

1.4732 

.927 

1969 

207 

iDd. 

18.05 

Amber 

1971 

209 

Ala. 
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.92.'?5 
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•age    of    7 

Ramplps 
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192.99 
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1526 

305 

•B.  P.   I. 

20.45 

185.16 

196.92 

1.4735 

.9250 

1806 

306 

N.  J. 

22.03 

Pale 

128.5 

194.6 

1.4729 

.923 

1809 

307 

•N.   J. 

302 

21.62 

Straw 

130.3 

191.2 

1.4730 

.9242 

1814 

308 

N.    J. 

304 

22.1 

Pale 

127.3 

195.0 

1.4735 

.9270 

1816 

311 

N.    J. 

301 

22.32 

Pale 

130.9 

192.6 

1.4731 

.9257 

1848 

313 

R.    I. 

20.56 

134.3 

193.2 

1.4735 

.9260 

1851 

312 

R.    I. 

301 

18.33 

Straw 

137.8 

192.2 

1.4739 

.9260 

18t59 

315 

Penn. 

302 

20.45 

Straw 

125.1 

191.8 

1.4728 

.9265 

1880 

314 

Penn. 

20.21 

Pale 

126.4 

194.6 

1.4730 

.926 

1883 

317 

Me. 

302 

16.46 

Straw 

140.8 

194.3 

1.4749 

.9256 

1886 

316 

Utah 

301 

17.77 

Pale 

1891 

318 

N.  C. 

302 

18.24 

Straw 

127.0 

192.0 

1.4733 

.925 

1894 

319 

N.   J. 

19.53 

Straw 

132.4 

193.8 

1.4731 

.924.') 

1896 

320 

N.   J. 

302 

18.07 

Straw 

130.0 

195.3 

1.4720 

.925 

1966 

321 

Ind. 

18.34 

2052 

325 

So.     Dak.' 

307 

16.54 

132.7 

193.0 

1.4732 

.9245 

2058 

326 

Wis.' 

Ped.  2 

16.62 

132.5 

193.0 

1.4732 

.925 

2071 

327 

Mont.' 

306 

19.95 

Straw 

134.0 

191.8 

1.4732 

.9246 

2126 

328 

Ky.' 

304 

18.83 

125.0 

192.9 
193.42 

1.4726 

.925 

Avei 

>age  of  11 

9  samples  

19.39 

131.19 

1.4732 

.9252 

B.  P.  I.  Bureau  of  Plant  Industry. 


Series  No.  400 — (Mammouth) 


Series    No.    600 — (Haberlandt) 


Series  No.  700— (Peking) 


1595 

404 

W.    Va. 

20.46 

126.08 

195.11 

1.4728 

.9218 

1525 

403 

B.    P.    I. 

31876 

18.97 

135.40 

194.93 

1.4738 

.9235 

1837 

405 

N.     J.* 

404 

22.81 

Straw 

126.60 

194.5 

1.4729 

.9250 

1874 

406 

Tenn.* 

18.62 

Straw 

127.6 

193.6 

1.4738 

.9264 

1976 

407 

Ala.* 

23.29 

Straw 

126.8 

192.6 

1.4728 
1.4732 

.9250 

.Vvei 

•age   of   5 

samples   .... 

20.83   ' 

128.5 

194.15 

.9254 

1 

Series  No.  500 — (Guelph  or 

Med.  Green-Med. 

.  Early) 

1528 

504 

B.  p.  I. 

17261 

22.81 

127.64 

197.32 

1.4726 

.9207 

1792 

505 

N.    J.* 

501 

25.46 

Straw 

127.7 

195.0 

1.4731 

.9240 

1819 

506 

N.    J.» 

502 

23.79 

Dark 

127.9 

194.3 

1.4730 

.9249 

1839 

507 

R.    I.* 

17.54 

Straw 

140.1 

194.9 

1.4745 

.9270 

1S42 

508 

Ala.* 

502 

24.09 

Straw 

1877 

510 

Penn.* 

20.03 

Amber 

127.3 

192.6 

1.4715 

.9300 

1882 

509 

Tenn.* 

502 

21.82 

Amber 

126.3 

193.3 

1.4710 

1895 

511 

N.  C* 

502 

Dark 

126.6 

193.0 

1.4730 

.9230 

1912 

512 

N.    M.* 

502 

21.75 

Dark 

110.15 

193.3 

1.4720 

.9260 

1942 

514 

Ky.* 

503-G 

20.94 

Dark 

116.05 

195.5 

1.4718 

.9238 

1989 

513 

Iowa* 

502 

18.26 

Amber 

123.45 

194.1 

1.4730 

.9261 

2053 

516 

S.    D.* 

505 

17.28 

127.7 

191.8 

1.4725 

.9240 

2089 

517 

Mo.* 

503-G 

21.74 

Dark 

122.0 

192.7 

1.4722 

.9270 

Avei 

'age  of  i: 

2  samples  

21.29 

125.99 

193.99 

1.4725 

.9251 

1S12 

eo7 

N.   J.* 

602 

24.60  ' 

Straw 

137.5 

191.7 

1.4740 

.9250 

2085 

611 

Mo.' 

604 

19.62 

Straw 

129.9 

192.0 

1.4732 

.9270 

1820 

606 

N.    J.* 

601 

22.27 

Straw 

136.2 

194.8 

1.4742 

.9270 

2091 

610 

Mo.' 

603 

20.46 

Straw 

129.0 

192.3 

1.4737 

.9265 

1940 

608 

Ky.* 

19.63 

Straw 

120.9 

192.7 

1.4720 

.9240 

2092 

612 

Mb.' 

605 

22.19 

Straw 

131.4 

191.0 

1.4732 

.9270 

1944 

608 

Ky.* 

19.64 

Straw 

121.0 

193.45 

1.4727 

.9243 

2121 

613 

Ky.' 

20.36 

Straw 

133.2 

192.8 

1.4735 

.9250 

A  vet 

'age    of   8 

samples    .'.... 

21.10 

129.19 

192.59 

1.4733 

.9251 

1827 

705 

N.     J.* 

701 

20.20 

137.1 

193.1 

1.4742 

.9273 

1830 

704 

N.     J.* 

702 

20.90 

Straw 

135.8 

194.25 

1.4745 

.9264 

1834 

703 

N.   J.* 

21.09 

Straw 

137.5 

194.5 

1.4735 

.9240 

1892 

706 

Porto  Rico* 

702 

18.65 

Straw 

127.8 

195.5 

1.4735 

.9250 

1945 

707 

Ky.* 

17852-B 

16.97 

Straw 

126.75 

192.15 

1.4728 

.9240 

2084 

709 

Mo.' 

702 

21.60 

Straw 

133.0 

192.0 

1.4740 

.9290 

2124 

710 

Ky.' 

17.56 

Amber 

134.7 

192.2 

1.4734 

.9250 

Avei 

ra«e  of  7 

samples  

19.57 

132.63 

193.39 

r   1.4737 

.9258 
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B 
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Iodine 
No.    Hanu 

Saponifi- 
cation 
at  25'C. 

Series  No.  800 — ^Mongol.     No  samples 


Series    No.    900— (Mikado) 


1975 


903 


Ind.* 


18.62 


Straw 


128.55 


193.5 


1.4735 


-Series  No.  lOOO— (Wilson) 


1526 

100.J 

B.    P.    I. 

19185 

20.45 

135.16 

196.92 

1.4735 

.9250 

1513 

1004 

Ind. 

19.82 

126.68 

193.48 

1.4736 

.9261 

1824 

1006 

R.    I.* 

1002 

19.05 

Straw 

138.1 

192.0 

1.4745 

.927 

1832 

1005 

N.    J.* 

23.13 

Pale 

134.8 

195.27 

1.4740 

.9271 

1841 

1008 

Ala.* 

1002 

20.32 

Amber 

117.4 

194.4 

1.4720 

.9340 

1844 

1007 

Md.* 

1002 

19.11 

132.2 

191.8 

1.4740 

1870 

1010 

Penn.* 

20.48 

Straw 

133.3 

194.0 

1.4740 

.928 

1876 

1009 

Tenn.* 

1002 

21.26 

Straw 

123.0 

194.2 

1.4711 

.925 

1881 

1011 

Penn.* 

1002 

20.11 

Dark    R 

136.6 

191.3 

1.4745 

1897 

1012 

N.    C* 

1002 

17.82 

L.  Str. 

117.4 

192.3 

1.4720 

.926 

1901 

1013 

N.    J.* 

21.46 

Straw 

132.8 

192.1 

1.4742 

.927 

1909 

1016 

W.    Va.* 

1002 

18.60 

Straw 

133.2 

194.5 

1.4741 

.9265 

1914 

1015 

N.    M.* 

1002 

20.32 

L.  Str. 

123.8 

193.5 

1.4730 

.9260 

1941 

1018 

Ky.* 

20.50 

Dark 

120.3 

192.5 

1.4720 

.923 

1958 

1017 

Iowa* 

1002 

18.19 

1962 

1014 

Md.* 

20.68 

L.  Str. 

130.3 

193.7 

1.4735 

.9278 

2088 

1020 

Mo.« 

1003 

21.26 

Straw 

128.7 

191.1 

1.4730 

.9248 

2131 

1021 

Ky.' 

20.00 

Dk.  Str. 

129.1 

191.2 

1.4728 

.92;w 

Aver 

•age  of  \i 

I  samples  

20.14 

■ 

128.99 

193.19 

1.4733 

.9258 

Series  No.  1100— (Sable) 


1978 


1102 


Ind.* 


19.72 


Straw 


136.1 


192.0 


1.4740 


.9249 


Series 

No.  1200— (H0II7  Brook 

**  Early 

'') 

1563 

1201 

Kan. 

19.45 

118.59 

195.45 

1.4731 

.922 

1522 

1202 

B.  P.   I. 

26838 

127.36 

195.79 

1.4735 

.9234 

1810 

1203 

N.    J.* 

1201 

20.91 

Straw 

137.1 

191.7 

1.4740 

.927U 

1872 

1204 

Va.* 

1201 

20.01 

Straw 

136.6 

196.0 

1.4740 

.926 

1937 

1208 

Ky.* 

17.93 

120.1 

194.15 

1.4720 

.923 

1961 

1205 

W.    Va.* 

1201 

20.18 

Straw 

124.05 

192.45 

1.4728 

.9238 

1970 

1207 

Ala.* 

20.54 

Amber 

121.9 

194.9 

1.4735 

.929 

1979 

1206 

Ind.* 

16.79 

Dark 

2077 

1210 

Conn. 

19.99 

Straw 

136.7 
127.81 

191.1 

1.4747 

.9285 

Ave! 

'age   of   8 

samples   .... 

19.48 

193.94 

1.4735 

.9253 

Series  No.   1300 — (Medium  Yellow) 


1529 
1796 
1829 
1910 
2094 


1301 
1304 
1303 
1305 
1306 


B.    P. 
N.J.* 
N.   J.* 

111.* 
Mo.* 


I. 


17269 
1302 
1301 


Average    of   5    samples 


20.22 
23.73 
22.27 
18.01 
21.82 


21.21 


132.31 

197.09 

Lt.    Str. 

131.0 

192.8 

Pale 

127.2 

194.4 

Straw 

129.2 

194.6 

Straw 

131.5 

191.5 

130.24 

194.08 

1.4735 
1.4740 
1.4732 
1.4742 
1.4735 

1.4737 


.9232 

.925 

.926 

.927 

.9270 


.9256 


Series  No.  1400— (Amherst) 

1523 
2090 

1401 
1402 

B.    P.    I. 
Mo. 

17275          20.04 
1401           22.63 

Straw 

131.71 
131.1 

131.41 

195.61 
192.1 

1.4735 
1.4736 

.9240 
.9270 

Average  of  2 

samples  

1    21.79 

193.81 

1.4786 

.9255 

Series  No.  1500— (Elton) 

1521 

1501 

B.    P.    I. 

20406 

19.97 

128.94 

194.55 

1.4730 

.9224 

Series   No.   1700— (Jet) 

1530 

1701 

B.    P.       I. 

17861 

19.91 

132.63 

197.37 

1.4735 
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Z 

JQ 

Iodine 
No.    Hanut 

Saponifi- 
cation 
at  26'C. 

* 

Refractive 

Index 

at  26-C. 

Specific 

Gravity 

at  15.6<C. 

Series  No.  3000— (Early  Black) 


NONE 


Series  No.  5300— (Sooty) 


NONE 


Series  No.  5400 — (Arlington) 


2127 


5401 


Ky.« 


17.77 


Straw 


134.5 


191.7 


1.4738 


.9250 


Series  No.  5500— (White  Eye  Brow) 


NONE 


Series  No.  1600 — (Tohas) 


lKo8 
1531 


16022 
1601 


N.    J.* 
B.    P.    I. 


21999 


22.89 
18.93 


Straw 


133.5 
128.66 


194.1 
196.6 


1.4735 
1.4725 


Series  No.  1800-;-(  Auburn) 


.9260 
.9220 


1799        1802 


R.    !.• 


20.95 


Straw 


134.6 


194.8 


1.4740 


Series  No.  2000— (White  Beans) 


.9264 


Series  No.  1900 — (Brown) 

1831         1903 
18.55        1902 

N.   J.* 
N.   J.» 

1901 

21.86 
23.92 

Straw      1    131.6 
Straw          131.5 

193.1 
194.15 

1.4738 
1.4736 

.9260 
.9270 

Average  of  2 

sample*  

22.89 

131.55  1     193.62  1     1.4737    1 

.9265 

I 
IK  13    ,    2003 


N.    J.* 


2001 


2.55 


Series  No.  2100 — (Morse) 


18.^3 
2125 
1982 

2102 
2101 
2105 
2103 

N.   J.* 
N.   J.* 
Ky.* 
Ind.* 

23.09 
24.85 
22.05 
19.69 

Straw 

Straw 

134.7 
133.0 
129.6 
135.4 

194.2 
195.1 
189.9 
191.9 

1.4740 
1.4735 
1.4730 
1.4735 

.9250 
.9270 
.9230 

Average  of  4 

■amplea 

22.42 

133.17 

192.771 

1.4735 

.9250 

1791 
1801 
1802 
1804 
1S07 
1811 
1815 
1822 
1838 
1840 
1847 
1856 
1871 
1873 
1879 


2207 
2201 
2209 
2211 
2203 
2202 
2210 
2206 
2212 
2213 
2204 
2206 
2216 
2214 
2218 


Series  No.  2200— (Manchurian) 


N. 

N. 
N. 
R. 
N. 
N. 
N. 
N. 
R. 


J.* 
J.* 
J.* 
I.* 
J.* 
J.* 
J.* 
J.* 
I.* 


Ala.* 
N.  J.* 
N.  J.» 
Penn.* 
Tenn.* 
Maine* 


18.45 
25.13 
23.93 
23.11 
27.02 
24.92 
24.22 
24.08 
22.89 
22.38 
24.45 
24.93 
21.07 
22.84 
17.92 


Pale 
Pale 
Straw 
Pale 


Straw 
Straw 
Straw 

Straw 
Straw 
Straw 
Straw 
Straw 


131.8 

193.15 

130.3 

194.75 

128.4 

192.2 

132.5 

191.2 

128.4 

195.0 

129.5 

196.2 

130.1 

194.4 

131.4 

192.5 

133.8 

193.1 

128.6 

194.2 

12^.65 

195.0 

122.1 

193.4 

141.9 

193.4 

1.4749 

.9282 

1.4730 

.9238 

1.4730 

.9230 

1.4737 

.9240 

1.4730 

.9220 

1.4738 

.9260 

1.4730 

.9270 

1.4730 

.9270 

1.4738 

.9270 

1.4731 

.9260 

1.4730 

.9270 

1.4715 

.9260 

1.4747 

.9280 
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at  26*C. 

Series  ] 

No.  2200 — (Manchurian) — Continued 

1884 

2215 

Va.* 

22.14 

Straw 

126.5 

194.1 

1.4728 

.9230 

1885 

2217 

Utah* 

19.59 

Pale 

129.95 

194.0 

1.4742 

.927t) 

2050 

2236 

S.    D.* 

2203 

20.37 

132.4 

191.1 

1.4730 

.9240 

2070 

2237 

Mont.* 

2203 

21.16 

Straw 

133.8 

190.1 

1.4732 

.9247 

2083 

2240 

Mo.* 

20.43 

Straw 

117.8 

191.6 

1.4722 

.9260 

2086 

2239 

Mo.* 

2208 

22.27 

Amber 

115.5 

191.1 

1.4719 

2087 

2238 

Mo.* 

2202 

22.49 

Straw 

117.9 

190.7 

1.4718 

.9261 

2093 

2242 

Mo.* 

22.14 

Straw 

117.4 

191.8 

1.4721 

.9240 

2095 

2241 

Mo.* 

22.06 

Straw 

119.8 

191.5 

1.4725 

.9260 

2128 

2243 

Mo.* 

19.50 

Straw 

121.0 

191.8 

1.4720 

.9220 

1890 

2220 

N.   C* 

•22.55 

Straw 

127.5 

193.6 

1.4730 

.9250 

1893 

2219      ] 

Porto     Rico* 

23.23 

Straw 

122.7 

193.8 

1.4720 

.9260 

1898 

2221 

N.    J.* 

22.17 

Straw 

131.2 

193.7 

1.4730 

.9260 

1911 

2223 

W.    Va.* 

21.00 

Straw 

128.3 

192.1 

1.4730 

.9260 

1913 

2222 

N.   M.* 

20.98 

122.0 

191.6 

1.4720 

1949 

2226 

Kv.* 
Ala.* 

21.97 

Straw 

116.45 

195.3 

1.4715 

.9230 

1963 

2224 

19.41 

Straw 

128.2 

195.2 

1.4725 

.9250 

1965 

2225 

Iowa* 

18.64 

119.2 

192.3 

1.4720 

Avei 

'Age  of  3; 

i  samples  .... 

r  22.10 

126.64 

192.99 

1    1.4728 

.9253 

Series  No.  2300— (Mercko) 


1853 


2301 


N.    J.* 


23.26 


Straw 


133.0 


192.4 


1.4734 


.9259 


Series  No.  2400— (Ogema) 


1821 
1843 
1988 

2401 
2402 
2403 

N.   J.* 

Mich. 

Idaho 

25.13 
17.29 
15.24 

Straw 
Straw 

128.08 

126.6 

129.9 

194.0 
192.4 
192.7 

1.4729 
1.4727 
1.4735 

.9250 
.9237 
.9310 

Average   of   3    samples    

19.22 

128.16 

193.03 

1.4730 

.9266 

Series  No.  2500— (Fairchild) 


1795 


2501 


N.    J.* 


23.49 


Straw 


128.8 


192.8 


1.4722 


.9250 


Series  No.  2600— (O'Kute^ 


1793 


2601 


N.   J.* 


27.05 


Pale 


126.5 


194.4        1.4730 


.9242 


Series  No.  2700— (Habero) 

1852 

2701 

N.   J.* 

23.05 

Straw 

129.3 

192.2 

1.4731 

.9260 

Series  No.  2800— (Lowrie) 

1825 

2801 

N.    J.* 

22.27 

Straw 

130.9 

194.7 

1.4738 

.9269 

Series  No.  2900 — (Austin), 

1803 
1947 

2901 
2902 

N.   J.* 

Ky.* 

20.84 
20.69 

Straw 
Straw 

132.5 
121.9 

194.0 
191.4 

1.4735 
1.4725 

.9250 
.9240 

Average    of   2 

samples    .... 

1    20.76 

127.2 

192.7 

1.4730 

.9245 

Series  No.  3100— (Chestnut) 

1 

1790    1    3101 

N.    J.* 

24.78 

Pale 

128.14 

194.2 

1.4734 

.9240 

Series  No.  3200— (TJolumbia) 

1828         3201 
1952         3202 

N.     J.* 

Ky.* 

23.41 
20.31 

Straw 
Dark 

130.3 
117.75 

193.2 
194.0 

1.4737 
1.4716 

.9270 
.9250 

Average    of    1 

2    samples    .. 

21.86 

124.03 

193.6 

1.4726 

.9260 
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at  15.5X. 

Series  No.  3300— (Brindle) 

1 
1846    1 

3301 

N.   J.* 

22.43 

Straw 

128.7 

193.2 

1.4723 

.9250 

« 

Series  No.  3400 — (Meyer) 

1805    , 
2120    1 

3401 
3403 

N.    J.* 
Ky.- 

23.59 
20.07 

Straw 
Straw 

134.4 
128.7 

194.2 
192.5 

1.4738 
1.4725 

.9240 
.9230 

Aver 

age   of   2 

samples   .... 

1    21.83 

131.55 

193.35 

1.4732 

.9235 

Series  No.  3500 — (Tashing) 

• 

1849 
1980 

3501 
3502 

R.    !.• 
Ind.* 

21.72 
22.32 

Dark 

132.6 
126.5 

193.9 
194.4 

1.4734 
1.4724 

.9261 

Aver 

age  of  2 

samples  



22.02 

129.55 

194.15 

1.4729 

Series  No.  3600 — (Samarow) 

I8:jr» 

3601 

R.    !.• 

21.22 

Dark 

132.8 

195.4 

1.4738 

.9270 

Series  No.  3700— (Chernie^ 

1 

1H36 

3701 

R.    I.* 

19.22 

Straw 

135.6 

195.3 

1.4739 

.9267 

i 

Series  No.  3800— (Manhattan) 

1845 

3801 

R.     I.* 

1 

18.37 

Straw 

134.4 

193.6 

1.4740 

.9282 

• 

Scries  No.  3900 — (Tokio) 

1875    1 

1 

3901 

Tenn.* 

18.99 

Straw 

130.8 

194.3 

1.4732 

.9255 

Series  No.  4000— (Swan) 

1S99 
1986 

4001  1 

4002  1 

N.   J. 

B.  P.   I. 

22379 

18.49 
19.27 

L.     Str. 
Amber 

135.7 
133.9 

195.1 
194.4 

1.4746 
1.4732 

.9265 
.9250 

Aver 

age   of    2 

samples   .... 

18.88 

134.8 

194.75 

1.4739    , 

.9257 

. 

Series  No.  4100— (Qoud) 

1900 

4101 

N.   J.* 

1 

17.72 

I..  Str. 

138.3 

194.5 

1.4745 

.933 

Series  No.  4200— (Virginia) 

1984 
2130 

4201 
4202 

Md.« 
Ky.* 

19.95 
19.23 

Straw 
Straw 

137.15 
131.3 

i9;j.i 

191.7 
192.4 

1.4739 
1.4735 

1.4787 

.9260 
.9240 

Aven 

KKe   of    2 

samples    .... 

................ 

19.59 

134.23 

.9250 

Series  No.  4300— (Plat  King) 

1974 

4301 

Md. 

20.07 

Straw 

135.3 

192.9 

1.4740 

.9263 

Series  No.  4400 — (Sherwood) 

1!M57 

1 

4401 

Ind.* 

18.47 

Pale 

131.6 

192.4 

1.4730 

.9238 

42 
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Series  No.  4500— (Early  Brown) 


1981 


4501 


Ind.* 


19.45 


127.75 


192.3 


1.4722 


Series  No.  4600— (Edward) 


1977 


4601 


Ala.< 


21.71 


Straw 


128.7 


196.1 


1.4727 


.9230 


Series  No.  4700 — (Black  Eye-brow) 


1987 


4701 


B.    P.    I. 


30744 


20.86 


Straw 


124.85 


194.5         1.4723    I       .9235 


Series  No.  4800— (Mauchu) 


1973 


4801 


B.    P.    I. 


80593 


22.58 


Straw 


128.7 


192.1 


1.4730 


Series  No.  4900 — (Green) 


1985 


4901 


B.   P.  I. 


30595 


21.16 


Straw 


133.15 


193.0 


1.4734 


.92.30 


Series  No.   5000 — (Quebec)    No.   92 


1935 
2051 
2069 
2110 

5001 
5002 
5003 
5004 

McD.*Queb. 

S.    Dak.* 

Monf 
McD.Queb.' 

5001 
5001 

16.69 
19.34 
16.50 
19.04 

Straw 

Straw 
Straw 

135.0 
129.1 
126.4 
134.5 

194.1 
192.6 
192.5 
191.6 

1.4750 
1.4728 
1.4730 
1.4740 

.9270 
.9240 
.9244 
.9270 

Average  of  4 

samples  

17.89 

131.25 

192.7 

1.4737 

.9256 

Series  No.  5100— (Quebec  No.  537) 


1959 
2054 
2109 


5101 
5102 
5103 


McD.Queb.* 

S.    Dak.* 
McD.  Queb.' 


5001 


Average  of  3  samples 


17.45 
16.86 
18.31 


17.54 


Straw 


135.5 
130.9 
134.2 


192.6 
192.2 
192.4 


1.4735 
1.4730 
1.4732 


188.53  j    192.4    I    1.4732 


.92tM) 
.9260 
.92:{0 


.9250 


Series  No.  5200 — (Brownies) 


1951 


6201 


Ky.* 


16.03  I  D.     Str. 


127.2 


191.6 


1.4729 


Special  Series 


NOTE — 1913  Crop  denoted 
1914  Crop  denoted 


by    •    placed  after  state, 
by    •    placed  after  state. 


.9230 


1808 

4 

N.    J.* 

17263 

23.03 

129.7 

195.3 

1.4747 

.9270 

1823 

5 

N.   J.* 

22927 

24.05 

Straw 

129.3 

194.6 

1.4732 

.9237 

1864 

6 

N.   J.* 

22645 

22.32 

Straw 

129.95 

194.0 

1.4730 

.9250 

1818 

7 

N.   J.* 

19183 

23.19 

Straw 

133.1 

191.9 

1.4736 

.9260 

1850 

8 

N.   J.» 

17277 

22.60 

Straw 

138.0 

194.2 

1.4740 

.9270 

1826 

9 

N.   J.* 

17862 

21.03 

Straw 

137.3 

195.2 

1.4741 

.9270 

1817 

10 

N.    J.* 

17857 

24.42 

Straw 

133.5 

193.6 

1.4735 

.9260 

1797 

11 

N.   J.* 

17852 

20.70 

Straw 

134.8 

193.1 

1.4745 

.9280 

1964 

13 

Md. 

1822 

23.36 

Pale 

134.15 

193.4 

1.4738 

.9265 

1972 

14 

111.* 

20.71 

Straw 

126.3 

191.7 

1.4730 

.925:$ 

1948 

15 

111.* 

19.81 

Straw 

128.25 

192.85 

1.4734 

.9260 

1983 

16 

B.    P.    I. 

30966 

21.57 

Straw 

132.2 

193.36 

1.4730 

.9240 

1939 

17 

Ky.* 

22645 

18.44 

Straw 

118.45 

193.05 

1.4719 

.9258 

1936 

18 

Ky.* 

22920 

20.47 

Straw 

119.7 

194.0 

1.4723 

.9245 

1934 

19 

Ky.* 

17852-C 

16.43 

Straw 

124.0 

191.9 

1.4723 

.92:15 

1943 

20 

Ky.* 

1918.3-B 

22.09 

Amber 

118.7 

194.45 

1.4720 

.9255 

1946 

21 

Ky.* 

17852-B 

18.15 

Straw 

122.9 

194.0 

1.4722 

.9250 

1950 

22 

Ky.* 

22927 

19.67 

Straw 

122.8 

193.2 

1.4723 

.9255 

1933 

22 

K>.* 

22927 

18.26 

Dark 

121.7 

191.8 

1.4720 

.9230 

2122 

25 

Ky.* 

22927 

19.46 

Straw 

127.0 

191.1 

1.4725 

.9230 

2119 

26 

kJ.- 

22920 

20.82 

Straw 

129.4 

192.6 

1.4730 

.9230 

2123 

27 

Ky.* 

17852-B 

18.20 

Amber 

136.1 

191.3 

1.4735 

.9250 

2130 

24 

Ky.- 

19183 

19.74 

Straw 

128.3 

191.0 

1.4729 

.0230 

Avei 

-age  of  2< 

I  samples  

20.80 

128.5 

193.1 

1.4730 

.9251 
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FLAX  STUDIES 

A  number  of  samples  of  flax,  received  from  the  Botanical  Depart- 
ment of  the  Station,  representing  various  strains,  have  been  exam- 
ined as  to  the  oil  content,  the  drying  quality  of  the  same,,  the  per- 
cent of  protein,  and  other  studies  in  connection  with  an  investigation ' 
of  linseed  oil.  The  following  table  presents  the  principal  data  with 
regard  to  these  points,  together  with  the  mean  average  for  each  class. 


TABLE  II.    FLAX  GROWN  AT  THE  STATION 

N.  D.  Resistant  Flax  No.  52. 


Lab. 
No. 

Botany 
No. 

Moisture 

Protein 

Oil 

Drying 
Quality 

1009 

1001 

991 

1002 

1011 

1006 

992 

998 

14606 
14611 
14663 
14701 
14749 
14767 
14882 
14917 

5.40 
4.98 
5.20 
4.93 
4.93 
4.66 
5.33 
4.93 

25.50 
25.57 
23.16 
22.07 
24.88 
24.75 
25.38 
25.61 

38.35 
34.12 
36.39 
35.12 
33.73 
35.35 
35.33 
34.84 

very   good 
excellent 
good 

very   good 
good 
good 
excellent 
very    good 

Mean —                                    '            5.04 

24.61                      35.40 

N.  D.  Resistant  Flax  No.  73. 


990 

988 

1013 

Mean — 


good 
good 
very    good 


N.  D.  Flax  No.  155. 


984 
1007 
1005 


36.83 
40.65 
36.32 


37.93 


poor 
good 
very   good 


Minn.  Flax  No.  25. 


995 
1012 
1000 

14681 
14803 
14956 

5.06 
5.33 
4.66 

25.55 
21.56 
25.05 

37.69                good 
34.45                very    good 
38.47                 good 

Mean — 

5.01 

24.05 

36.87           1 

N.  D.  Resistant  Flax  No.  114. 


Common  Flax. 


996 

14709 

5.40 

25.22 

34.02 

good 

987 

14760 

5.35 

23.27 

35.59 

fair 

994 

14798 

4.93 

21.07 

36.88 

fair 

993 

14925 

4.66 

24.22 

36.80 

very    good 

1008 

15692 

5.20 

21.66 

38.83 

good 

Mean— 

5.11 

23.09 

36.42 

986 

14601 

4.80 

21.01 

38.69 

fair 

989 

14639 

4.93 

20.74 

41.18 

good 

1010 

14654 

5.20 

26.27 

34.94 

good 

985 

14713 

4.53 

23.16 

41.33 

lair 

1003 

14729 

5.20 

24.75 

34.10 

excellent 

997 

14740 

5.50 

25.46 

88.44 

poor 

1004 

14818 

5.00 

24.57 

84.30 

good 

999 

14966 

4.71 

25.70 

86.94 

good 

Mean — 

4.98 

24.00 

87.49 
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The  means  for  the  several  claBses  of  flax  are  shown  as  follows: 

Moisture 

N.  D.  Itesistant  No.  52  5.04 

N.  D.  Resistant  No.  TA  4.97 

N.    D.    No.    155    5.03 

Minn.    No.    25    5.01 

N.    D.    ResLstant    No.    114  5.11 

CommoD    Flax    4.98 


Protein 

Oi 

24.61 

35.40 

23.40 

36.02 

23.07 

37.»3 

24.05 

36.S7 

23.09 

36.42 

24.00 

37.49 

IMMATUBE  FLAX   SEED. 

This  lot  represents  an  experiment  with  the  variety  of  seed 
NDR — No.  114,  grown  on  same  ground  and  harvested  at  different 
dates — ^some  harvested  immature,  others  fully  mature. 

No.  47 — Sample  was  pulled  when  bolls  were  green,  August  20th. 
Seed  variable  in  color,  from  black  to  green;  very  light  weight;, 
shrivelled;  scaly;  no  comparatively  plump  seed  present;  no  seed 
of  normal  color. 

No.  48 — Seed  contains  quite  a  large  percentage  of  green,  dark 
colored  scaly  seed,  and  a  good  deal  of  plump,  bright  colored  normal 
seeds.    Crop  nearly  ripe.    Harvested  August  31st. 

No.  49 — Seed  is  plump  and  bright  colored.  Some  scale.  Crop 
near  maturity  when  harvested  September  9th. 

No.  50 — Near  full  maturity  when  harvested  September  15th. 
Seed  approaching  normal  form.  Some  scale  present.  Color  of  plump 
seed  rather  characteristic  of  this  variety.  Scaly  seed  present  due  to 
immature  bolls  on  the  branches.  Flowers  were  still  present  w^hen 
harvested. 

No.  51 — Seed  same  lot  as  preceding.  Contains  some  scale  but  the 
bulk  of  it  is  approximately  of  normal  form.  Harvested  September 
26th.  The  sample  may  be  looked  upon  as  approximately  normal* 
from  a  standpoint  of  maturity,  as  is  the  case  with  No.  50. 

No.  52 — This  sample  is  the  scaly  seed  blown  off  on  the  fanning 
mill,  from  a  crop  of  No.  114,  giving  only  scaly  seeds;  a  large  portion 
of  these  seeds  being  too  immature,  probably,  to  contain  an  embryo. 

Unfortunately  in  a  number  of  these  samples  there  was  not  suffi- 
cient seed  to  enable  us  to  secure  the  amount  of  oil  so  that  full 
chemical  data  could  be  had.  As  far  as  determined,  data  is  presented 
in  the  following  table. 

TABLE  III.     IMMATURE  FLAX  SEED 

On  Water-free  Basis 


Lab. 
No. 


Moisture 


Per  cent 
Oil 


Iodine 
No. 


Saponifica- 
tion No. 


Refractive 

Index 
at  26X 


Specific 
Gravity 


Acid 
No. 


47 
48 
49 
50 
51 
52 


Av. 
Max. 

Min. 


5.89 
5.67 
7.30 
7.34 
5.80 
6.01 


6.33 
7.34 
5.67 


38.77 
88.04 
38.70 
36.79 
40.78 
39.75 


185.49 
185.46 

175.92 

185.97 


192.60 
192.38 

192.36 

191.90 


1.4801 
1.4796 

1.4787 

1.4795 


38.80 
40.78 
36.79 


183.21 
185.97 
175.92 


192.31 
192.60 
191.90 


1.4795 
1.4801 
1.4787 


.9330 
.9310 
.9336 


.9325 
.9336 
.9310 


2.80 
0.54 
2.00 


1.78 
2.80 
0.54 
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CHEMICAL  CONSTANTS  FOB  LINSEED  OIL. 

A  good  opportunity  has  been  afforded  for  determining  some  of 
the  chemical  constants  in  linseed  or  flax  seed  oil  from  samples  of 
flax  of  good  quality  from  the  crop  of  1914. 

In  the  following  table  is  presented  the  data  for  a  series  of 
rather  high  grade  flax  seeds,  all  of  which  were  submitted  in  the  Im- 
proved Seed  Growers  Contest,  January,  1915,  and,  therefore,  had 
been  selected  by  the  Growers  as  flax  of  sufficient  quality  to  entitle 
the  same  to  a  place  in  the  exhibition. 

The  samples  came  from  various  portions  of  the  state  and  the 
following  comments  and  data  are  taken  from  the  records  of  the  com- 
mittee that  judged  the  quality  of  the  flax. 

TABLE  IV.     FLAXSEED 


Serial 
No. 


Variety 


Weiffht 
per   Du. 


Coloi 


Quality 


53      1 

73 

63.75 

54      , 

52 

51.60 

65 

73 

63.26 

56 

114 

63. 

57 

52 

66. 

58 

52 

63. 

59 

52 

63.60 

60 

155 

62. 

61 

52 

63.60 

62 

114 

64. 

63 

52 

66.25 

64 

114 

64. 

65 

114 

66.60 

66 

52 

65. 

67 

114 

53. 

68 

22 

63. 

60 

52 

64. 

70 

Common 

52.50 

71 

114 

54. 

72 

73 

54. 

73 

22 

52. 

74 

114 

56. 

75 

114 

54. 

76 

Minn.  25 

53. 

77 

52 

63. 

78 

165 

61. 

79 

114 

55.50 

80 

52 

60.25 

81 

166 

63. 

82 

62 

63.76 

83 

62 

63.60 

84 

156 

61. 

85 

Common 

64. 

86 

Common 

54. 

87- 

Minn.  25 

63.50 

88 

165 

64.75 

89 

Common 

55.50 

90 

Common 

62.75 

91 

Common 

53. 

92 

Common 

54. 

93 

Common 

51. 

94 

114 

64.75 

95 

Minn.  26 

63. 

96 

Minn.  26 

64. 

97 

Minn.  62 

1           53. 

98 

62 

!           56.50 

99 

114 

64.26 

100 

52 

56. 

101 

52 

54.25 

Normal 

Normal 

Dark 

Nearly  Normal 

Bright,   light 

Grayish    to   dark 

Nearly  Normal 

Fair 

Grayish 

Light,  straw 

Light 

Normal   to   dark 

Normal  dark 

Normal 

Normal  to  dark 

Normal 

Extra    light 

Normal 

Too  dark 

Normal  Brown 

Nearly   Normal 

Nearly  Normal 

Normal 

Half  Dark 

Color  off  by   scale 

Color  off  bv   scale 

Nearly  Normal 

Nearly  Normal 

Dark   brown 

Light,  straw 

Normal 

Gray   from   Normal 

Nearly  Normal 

Nearly  Normal 

Nearly  Normal 

Light,   straw 

Light — nearlv  Normal 

Nearly   Normal 

Light  to  straw 

Light  &  dark  seed  mixture 

Gray  from  Normal 

Nearly  Normal 

Nearly  Normal 

Nearly  Normal 

Light  to  straw 

Nearly  Normal 

Rather  light 

Greenish    cast 

Nearly  Normal 


Some  scaly 

Scale  present 

Frosted   before   ripe 

Shrunken   some — scale 

Small,   some  scale 

Some  scaly 

Some  scaly 

Small,  shrunken 

Some   scaly 

Small,  shrunken 

Small,  immature 

Some  scale 

Small  plump 

Plump 

Some  immature  scaly 

Slightly  scaly 

Slightly  shriTelled 

Nearly  plump 

Some  immature — scale 

Some   scaly 

Some   scaly 

Nearly   Normal 

Normal 

Immature,   scaly 

Considerable  scale 

Considerable  scale 

Nearly  plump 

Normal  plump — Very  dry 

Nearly  Nor.,  some  Immat. 

Some  thin  immature 

Some  young,  dark  grains 

Some  scaly 

Nearly  Normal 

Nearly  Normal 

Nearly  Normal 

Nearly  Normal 

Nearly    Normal 

Some  green  seeds 

Nearly  Normal 

Immat.  green  to  black  seed 

Nearly    Normal 

Small,  some  shrunken 

Some  dark  green  thin,  im. 

Small,  some  green 

Small,  some  green 

Some  black  green 

Nearly  Normal,  small 

Nearly  Normal 

Some  scaly 


The  entries  under  the  titles  ** Color"  and  ** Quality"  are  briefly 
listed  terms  to  indicate  inspection  observation  on  the  color  and  qual- 
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ity  of  the  sample  but  do  not  necessarily  indicate  any  great  degree 
of  scaliness, — ^immaturity  or  shrunkenness. 

Qreen  or  black  seeds  are  usually  occasioned  by  the  seed  being 
immature  at  harvest  or  frost  time.  Those  samples  that  are  marked 
** scaly"  may  be  due  to  disease  or  to  drying  up  of  the  plants  due  to 
drouth,  but  more  specifically  to  disease. 

Taken  as  a  whole,  however,  the  lot  may  be  considered  as  a 
normal  lot  of  flax. 

The  chemical  constants  for  these  various  samples  are  shown  in 
the  accompanying  table : 


TABLE  v.     OIL  FROM  HIGH  GRADE  FLAX  SEED 

On  Water-free  Basis 


Lab. 
No. 

Moisture 

Per  cent 
Oil 

Iodine 
No. 

Saponifica- 
tion No. 

Refractive 

Index  at 

25*C 

Specific 
1   Gravity 

Acid 
Number 

53 

6.91 

38.95 

190.02 

191.02 

1.4799 

.9330 

0.60 

54 

6.63 

39.63 

187.73 

191.12 

1.4796 

.9340 

;    0.81 

55 

7.17 

37.55 

1 

56 

6.23 

38.67 

171.56 

190.65 

1.4781 

.9310 

0.63 

57 

6.24 

42.42 

193.12 

191.60 

1.4795 

.9340 

0.71 

58 

6.40 

41.95 

186.15 

191.60 

1.4795 

.9330 

1.20 

59 

7.10 

39.59 

192.00 

190.70 

1.4805 

.9340 

0.78 

60 

6.26 

41.06 

182.65 

191.85 

1.4792 

.9327 

0.S9 

61 

6.65 

41.32 

192.95 

191.60 

1.4805 

.9345 

0.61 

62 

7.14 

38.67 

186.65 

191.55 

1.4795 

.9336 

;    0.97 

63 

6.16 

40.88 

182.75 

191.15 

1.4790 

.9320 

'    0.77 

64 

-   6.54 

40.11 

193.32 

191.28 

1.4802 

.9335 

0.87 

65 

6.45 

40.43 

194.15 

191.94 

1.4804 

.9340 

l.Ou 

66 

6.63 

40.83 

191.11 

191.70 

1.4803 

.9340 

0..50 

67 

6.25 

37.60 

183.20 

192.85 

1.4790 

.9330 

0.78 

68 

6.40 

38.80 

188.65 

192.15 

1.4802 

.9330 

1.23 

69 

6.42 

42.21 

70 

6.99 

38.25 

188.35 

191.60 

1.4798 

.9332 

0.75 

71 

6.70 

39.6a 

189.50 

190.85 

1.4798 

1     .9340 

0.60 

72 

6.65 

37.62 

187.25 

191.60 

1.4800 

.9336 

0.65 

78 

6.72 

38.15 

180.55 

191.60 

1.4792 

.9330 

1.33 

74 

6.53 

39.85 

188.40 

192.10 

1.4799 

.9330 

0..S4 

75 

7.09 

38.15 

182.65 

191.60 

1.4798 

.9330 

2.50 

76 

6.50 

39.79 

184.23 

191.92 

1.4794 

.9330 

0.55 

77 

6.75 

37.98 

188.00 

190.70 

1.4795 

.9330 

1.07 

78 

7.43 

36.63 

177.05 

190.55 

1.4790 

.9320 

0.53 

79 

6.28 

37.17 

182.70 

191.00 

1.4794 

,     .9335 

80 

5.97 

39.23 

183.50 

191.20 

1.4795 

.9330 

0.69 

81 

7.10 

37.21 

183.70 

191.25 

1.4792 

.9330 

0.80 

82 

6.43 

37.31 

184.75 

191.45 

1.4799 

.9330 

0.S5 

H'A 

6.50 

39.69 

187.40 

192.50 

1.4795 

.9335 

1.62 

84 

6.33 

41.33 

188..30 

191.55 

1.4801 

.93.35 

l.SH 

85 

6.35 

38.13 

184.35 

191.76 

1.4795 

.9327 

0.88 

86 

7.16 

39.87 

191.55 

190.25 

1.4805 

.9340 

0.67 

87 

7.04 

38.59 

189.63 

190.12 

1.4801 

.9340 

0.64 

88 

6.77 

41.37 

187.03 

191.18 

1.4798 

.9340 

0.S7 

89    1 

6.40 

41.39 

188.20 

191.05 

1.4800 

.9330 

0.90 

90    1 

6.77 

38.90 

1S3.59 

190.70 

1.4792 

.93.35 

0.65 

91 

6.81 

38.78 

185.90 

190.03 

1.4795 

.9324 

0.S3 

92    1 

6.79 

40.28 

177.65 

190.88 

1.4786 

.9316 

0.:i8 

93 

6.50 

38.07 

187.85  , 

192.37 

1.4798 

.9335 

0.81 

94 

6.26 

41.45 

184.80 

191.5.'»  . 

1.4797 

.9328 

1.11 

95 

7.46 

37.94 

179.47 

189.89 

1.4787 

.9320 

0..53 

96 

6.50 

39.25 

187.05 

191.30 

1.4799 

.93.38 

1.27 

97 

6.38 

34.34 

177.00 

191.35 

1.4788 

.9310 

3.10 

98    1 

6.95 

42.27 

191.35 

191.95 

1.4800 

.9340 

0.68 

99 

7.27. 

38.67   ' 

184.90 

190.60 

1.4797 

.9325 

0.74 

100 

6.99 

40.40 

177.90 

191.00 

1.4790 

.9317 

1.S2 

101 

7.12 

38.49 

187.65 

191.90 
191.29 

1.4800 
1.4796 

.9330 
.9331 

0.88 

Mean 

6.67 

39.32 

185.92 

0.95 

Max. 

7.46 

42.42 

193.12 

192.K5 

1.480.'> 

.9345 

3.10 

Mln. 

36.63 

171.55 

189.89 

1.4788 

.9310 

O.IW 
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FLAX  GROWN  UNDER  LIKE  CONDITIONS. 

The  following  samples  were  from  flax  grown  on  the  Station 
grounds  in  1914  in  what  is  known  as  the  ** slough  field",  or  field  N. 
The  samples  were  all  planted  on  the  same  day  and  harvested  at  prac- 
tically the  same  time  and  were  equally  ripe,  so  that  the  results  are 
comparable,  although  they  were  grown  from  seed  secured  from 
farmers  throughout  the  state  and  were  not  necessarily  of  the  same 
variety  or  strain. 


TABLE  VI.     ] 

PLAX  GROWN  UNDER  LIKE  CONDITIONS 

On  Water-free  Basis 

Lab. 
No. 

Moisture 

1 

Per  cent 
Oil 

Iodine 
No. 

Saponifica- 
tion No. 

Refractive 

Index  at 

26'C 

Specific 
Gravity 

Acid 
Number 

1 

7.91 

32.50 

181.07 

192.82 

1.4799 

.9345 

5.10 

2 

6.96 

38.41 

187.27 

192.15 

1.4804 

.9335 

1.27 

3 

8.29 

29.52 

179.95 

191.45 

1.4795 

•■••••<>« 

4 

7.04 

38.63 

188.21 

190.83 

1.4804 

.9340 

5 

7.15 

38.15 

188.53 

192.64 

1.4804 

.9345 

i.83 

6 

7.54 

38.23 

190.36 

193.28 

1.4806 

.9340 

2.73 

7 

7.36 

39.27 

187.84 

190.68 

1.4804 

.9340 

1.00 

8 

6.87 

38.64 

190.21 

191.52 

1.4800 

.9385 

0.83   . 

9 

7.20 

37.84 

187.28 

191.42 

1.4795 

.9325 

1.26 

10 

.   7.22 

38.98 

195.49 

191.44 

1.4812 

.9355 

1.29 

11 

6.95 

39.64 

196.63 

191.28 

1.4811 

.9345 

0.99 

12 

6.79 

37.54     . 

189.94 

192.94 

1.4802 

.9335 

1.14 

13 

7.72 

38.65 

189.64 

191.27 

1.4802 

.9347 

0.95 

14 

7.43 

38.77 

15 

7.25 

38.92 

192.10 

190.30 

1.4809 

.9346 

16 

7.25 

39.62 

192.35 

192.86 

1.4805 

.9340 

1.09 

17 

6.89 

37.76 

189.54 

191.40 

1.4803 

.9335 

0.71 

18 

6.95 

37.63 

187.37 

191.35 

1.4800 

.9340 

0.77 

19 

6.98 

37.79 

186.66 

192.46 

1.4798 

.9340 

0.70 

20 

5.92 

38.48 

186.50 

192.83 

1.4794 

.9340 

2.16 

21 

5.67 

40.53 

184.97 

192.70 

1.4810 

.9335 

2.03 

22 

5.96 

38.15 

183.25 

192.60 

1.4808 

.9325 

1.13 

23 

5.90 

39.85 

180.30 

191.95 

1.4798 

.9330 

24 

5.82 

37.62 

182.70 

193.50 

1.4810 

.9320 

1.36 

25 

5.96 

88.34 

183.64 

192.40 

1.4808 

.9325 

0.73 

26 

5.83 

40.71 

185.88 

192.78 

1.4796 

.9340 

3.32 

27 

5.97 

37.56 

28 

5.54 

40.50 

183.89 

192.04 

1.4795 

.9335 

1.82 

29 

6.17 

87.27 

30 

5.81 

40.72 

1 

31 

7.42 

37.16 

182.40 

191.23 

1.4791 

.9330 

1.40 

32 

7.55 

37.71 

186.40 

192.12 

1.4802 

.9340 

1.19 

33 

5.86 

40.74 

1    184.65 

192.25 
191.55 

1.4796 

.9337 

2.17 

Mean 

6.71 

38.24 

187.07 

1.4802 

.9337 

1.56 

Max. 

8.29 

40.74 

196.63 

193.50 

1.4812 

.9347 

5.10 

Min. 

29.52 

179.95 

190.68 

1.4791 

.9320 

0.70 

FLAX,  V^ET,  AITEB  HARVEST. 

A  number  of  samples  of  flaxseed  have  been  examined,  taken 
from  crops  that  had  been  allowed  to  become  badly  wet  and  to  some 
extent  injured  after  the  same  had  been  harvested.  The  records  for 
these  samples  are  as  follows: 

No.  34.     Knudson's  No.  IB — (Harvested    so    as   not    to    allow    the    introduction 
of  moisture. 
Knudson's  No.lC — (Not  moulded  in   the   straw  after  cutting.) 
Knudson's  No.  ICM — (Moulded   in   the   straw   after   cutting.) 
Knudson's  No.  ID — (Not   moulded   in   the   straw   after   cutting.) 
Knudson's  No.  IDM — (Moulded  in  the  straw  after  cuttinff.) 
Knudson's  No.  IE — (Not  moulded  in  the  straw  after  cutting.) 
Knudson's  No.  lEM — (Moulded  in   the   straw   after   cutting.) 


No.  35. 
No.  36. 
No.  37. 
No.  38. 
No.  39. 
No.  40. 


48 


BULLETIN     118 


No.  41.  Knudson's  No.lF — (Not  moulded  in   the   straw  after   cutting.) 

No.  42.  Knudson's  No.  IFM — (Moulded    in    the    straw    after    cutting.) 

No.  43.  Knudson's  No.  IG — (Not  moulded  after  cutting.) 

No.  44.  Knudson's  No.  IGM — (Moulded  in  the  straw  after  cutting.) 

No.  45.  Knudson's  No.  IH — (Not   moulded   in   the   straw   after   cutting.) 

No.  46.  Knudson's  No.  IHM — (Moulded   in    the    straw   after    cutting.) 

While  the  season  of  1914  was  abnormal  at  harvest  time,  there 
being  little  moisture,  rain  and  dew,  therefore,  the  moulding  of  the 
samples  was  not  excessive.  On  the  straw  and  bolls  there  was  a 
good  deal  of  mould,  but  when  threshed  the  seed  remained  almost 
equivalent  in  appearance  to  samples  not  exposed  to  moisture.  The 
flax  that  was  out  is  perhaps  somewhat  darker. 

The  data  for  the  samples,  as  far  as  there  was  material,  is  shown 
in  the  following  table  : 

TABLE  VII.     FLAX,  WET,  AFTER  HARVEST 

Od.  Water-free  Basis 


Lab. 
No. 

Moisture 

Per  cent 
Oil 

Iodine 
No. 

Saponifica- 
tion No. 

Refractive 

Index  at 

25'C 

Specific 
Gravity 

Add 
Number 

34 

7.67 

37.89 

184.7 

190.35 

1.4795 

35 

5.95 

38.98 

185.02 

192.10 

1.4802 

.9330 

i.22 

36 

7.38 

40.21 

182.69 

193.54 

1.4800 

.9345 

37 

7.14 

40.74 

•••>■■■■ 

*••**«•* 

38 

6.93 

37.41 

182.63 

190.05 

i.StoS 

.9330 

1.35 

39 

5.83 

40.49 

184.94 

191.05 

1.4796 

.9330 

2.57 

40 

7.30 

38.24 

186.35 

192.10 

1.4798 

.9330 

•«**•«•• 

41 

5.98 

87.71 



*■•■«*•« 

*••••**• 

42 

5.85 

41.29 

175.83 

191.81 

1.4787 

.9315 

2.97 

43 

5.96 

36.23 

181.34 

192.96 

1.4792 

.9330 

1.70 

44 

6.09 

38.86 

*•■•*•*• 

«•••*««> 

45 

5.73 

40.53 

184.24 

191.82 

1.4793 

.9336 

'         1.65 

46 

6.07 

37.57 

184.02 

192.98 
191.87 

1.4796 

.9330 

'         1.75 

Mean 

6.45 

38.93 

183.17 

1.4795 

i           .9331 

1.89 

Max. 

7.67 

41.29 

186.35 

192.98 

1.4802 

.9345 

2.97 

Min. 

5.83 

86.23 

175.83 

190.05 

1.4785 

.9315 

1.22 

APR  2 1  iy^4 


North  Dakota 

Agricukmal  Experiment  Station 


North  Dakota  Wheat  for  1916 


by  E.  F.  LmM 


Bulletin  No.  1  1 9 


Agricultural  G>Dege,  North  Dakota 
NOVEMBER.  1916 


STATE   UUAHD  OF   RBGRNT8. 

LHWI8   F.   CRAWFORD,    President Sentinel    Buite 

FRANK   WHITE,  Vice   President Valley  City 

DR,    J.    D.    TAYLOR Qnnd    Fork* 

BMIL    SCOW  ....  BowmiD 

J.    A.    l»OWER Leonard 

CHAS     BREWER,     Secretary Bismarck 

B.  F.  LADD,  B.  S.,  LL.  D.,  President  of  the  Agricultural  College. 

STATION  STAFF. 

THOMAS  COOPER,  B.  S.  A.,  Director. 

J.  H.  SUBPPERD,  M.  S.  A.,  Vice-Director  and  Agriculturist. 
R.  C.  DONBGHUE,  M.  S.  A.,  Soils,   Soil   Survey. 
L.  R.  WALDRON,  M.  A..  Plant  Breeding. 
•T.  B.   STOA.  B.  S.,  Flax. 

W.  H.  PETERS,  B.  S.  A.,  Animal   Husbandry. 
ENOCH   J.    PETERSON,   Poultry. 
W.  L.  GUY,  B.  S.  Cost  Accounting. 
H.  L.   BOLLEY.  M.   S.,   Botanist  and   Plant   Pathologist. 

C.  J.   T.   DORYLAND,   M.    S.,    Soil    Bacteriology. 
C.  J.  KRAKOVER,  Plant  Pathology. 

•CHAS.  S.  REDDY.  Plant  Pathology. 

E.  P.   LADD,   B.  S.,  LL.D.,  Chemist. 

W.  L.   STOCKHAM,  M.   S.,  Ass't  Chemist    (Milling) 

J.  W.  INCE,  A.  M.,  Agricultural  Chemistry. 

ADELE   SHEPPBRD,  Water  Analysis. 
•LEVI    THOMAS,   M.    S.    Ass't   Chemist    (Milling;    and    Baking) 
•PHILLIP  ROTHROCK,  B.  S.,  Assistant,  .Milling  and  Baking. 

THOMAS    SANDERSON,    Miller. 

H.  O.  WERNER,  B.   S.,  Assistant  Horticulturist. 

LEUNIS  VAN  ES.,  M.  D.,  V.   S.,  Veterinarian. 

LEE  M.   RODERICK,  D.  V.  M.,  Asst.   Veterinarian. 

.TAMES  E.  BOYLE,   Ph.  D.,   Investigator  in  Agricultural   Economics. 

O.   A.   THOMPSON,   B.    S.,   Superintendent   of   Edgeley    Substation. 
•JOHN  THYSELL,  B.  S.,  Superintendent  of  Dickinson  Substation. 
•CHAS.   H.   RUZICKA,   B.   S.,    Superintendent   of   Williston    Substation. 

E.  D.   STEWART,  B.  S.,  Superintendent  of  Langdon  Substation. 
•A.  J.  OGAARD,  B.  S.,  Superintendent  of  Hettinger  Substation. 

W.  R.  PORTER,  M.  S.  A.,  Superintendent  of  Demonstration   Farms. 

CARL  GAUMNITZ,  B.  S.  A.,  Farm  Superintendent. 

W.  C.  PALMER,  M.  S.,  Editor. 


The  bulletins  of  this  Station  are  sent  free  to  residents  of  the  state.   Name? 
will  be  entered  in  the  regular  mailing  list  upon  request. 

*  Detailed    to    North    Dakota    Experiment    Station    by    the    United    State? 
Department  of   Agriculture. 


NORTH  DAKOTA  WHEAT  FOR  1916 
By  E.  F.  LADD 

Two  bulletins  have  been  published  containing  information  with 
regard  to  wheat  matters,  namely,  Special  Bulletin  No.  14,  Volume  3, 
*'Is  the  Present  System  of  Grading  Wheat  Equitable?",  and  Bulletin 
No.  114,  **  Chemical  and  Physical  Constants  for  Wheat  and  Mill 
Products",  which  have  brought  repeated  demands  for  information 
with  regard  to  the  milling  and  bread-producing  qualities  of  the  wheat 
crop  for  1916.  It  is  decided,  therefore,  to  publish  the  data  for  the 
1916  samples  thus  far  milled,  giving  more  detailed  and  complete 
information  on  the  completion  of  the  year's  experiments  which  cannot 
be  finished  before  mid-summer.  The  writer  is  responsible  for  the 
presentation  of  the  matter,  while  all  of  the  milling  and  grading 
results  are  furnished  by  Thomas  Sanderson,  and  the  analytical  and 
baking  results  by  Levi  Thomas  and  W.  L.  Stockhaiii. 

Wheats  at  the  terminal  markets  of  Minnesota  are  graded  in 
accordance  with  the  Minnesota  grades  as  prepared  by  the  Board  of 
Grain  Appeals  at  Minneapolis  and  the  Board  of  Grain  Appeals  at 
Duluth.  From  an  official  publication  we  quote  the  following  for 
Northern  Spring  Wheat,  also,  for  Durum  Wheat. 


t  < 


NORTHERN  SPRING   WHEAT.  ^^ 


"No.  1  Hard  Spring  W^heat — Shall  be  dry,  sound,  bright,  sweet,  clean  and 
i-onsist  of  over  75  per  cent  of  the  hard  kernels  and  weigh  not  less  than  58 
pounds  to  the  measured  bushel. 


( t 


No.  1.  Northern  Spring  ^\^leat — Shall  be  dry,  sound,  sweet  and  clean 
may  consist  of  the  hard  and  soft  kernels  of  spring  wheat  and  weigh  not  less 
than  57  pounds  to  the  measured  bushel  and  shall  not  contain  to  exceed  one-half 
of  1  per  cent  of  wild  vetch  (wild  pease)  or  kingheads,  singly  or  combined, 
and  not  to  exceed  a  total  of  1  per  cent  of  inseparable  weed  seed. 

**No.  2  Northern  Spring  Wheat — Shall  be  dry,  spring  wheat,  not  clean 
enough  or  sound  enough  for  No.  1,  but  of  good  milling  quality  and  must  weigh 
not  less  than  56  pounds  to  the  measured  bushel,  and  shall  not  contain  to  exceed 
I  per  cent  of  wild  vetch  (wild  pease)  or  kingheads,  singly  or  combined,  and 
not  to  exceed  a  total  of  2  per  cent  of  inseparable  weed  seed. 

**No.  3  Northern  Spring  Wheat — Shall  be  composed  of  inferior,  shrunken 
spring  wheat  and  weigh  not  less  than  54  pounds  to  the  measured  bushel,  and 
■*hall  not  contain  to  exceed  2  per  cent  of  wild  vetch  (wild  pease)'  or  king- 
heads,  singly  or  combined,  and  not  to  exceed  a  total  of  4  per  cent  of  inseparable 
weed  seed. 

"No.  4  Northern  Spring  Wheat — Shall  include  inferior  spring  wheat  that 
19  btdly  shrunken  or  damaged  and  weight  not  less  than  49  pounds  to  the 
nieasared  bushel. 

"Sample  Grade  Spring  Wheat — Shall  include  all  varieties  of  inferior 
spring  wheat,  that  is  badly  sprouted,  very  musty,  badly  bin  burnt,  fire  burned, 
badly  damaged  containing  live  weevil  or  otherwise  unfit  for  higher  grades. 

"No-Orade  Wheat — All  spring  and  durum  wheat  containing  15  percent  or 
more  of  moiaturei  or  in  a  heating  condition  or  otherwise  unfit  for  store,  shall 
be  classed  no  grade,  with  inspector's  notation  as  to  what  grade  same  would 
be  if  in  condition.    For  example:  NG  No.  1,  NG  No.  2,  NG  No.  3,  etc. 
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*'Note — Hard,  flinty  wheat  of  good  milling  quality  and  containing  no  ap- 
preciable admixture  of  soft  wheat  may  be  admitted  into  the  grades  of  Xo.  2 
Northern  spring  wheat,  No.  3  Northern  spring  wheat,  and  No.  4  Northern 
spring  wheat,  provided  weight  of  the  same  is  not  more  than  one  pound  less 
than  the  minimum  test  weight  required  by  the  existing  rules  of  said  grades, 
and  provided,  further,  that  such  wheat  is  in  all  other  respects  qualified  for 
admission  into  such  grades. 

'*Note — The  variety  of  wheat  known  as  'humpback',  owing  to  its  inferior 
milling  quality,  shall  not  be  graded  higher  than  No.  3. 

''Note — ^The  percentage  of  inseparable  weed  seed  as  stated  above  shall 
be  carried  only  when  the  wheat  is  of  sufficiently  superior  quality  to  justify 
these  additional   defects.'' 

'^  DURUM  (MACARONI)  WHEAT.  *' 

No.  1  Durum  Wheat — Shall  be  bright,  sound,  dry,  well  cleaned  and  be 
composed  of  durum  commonly  known  as  macaroni  wheat  and  weigh  not  less 
than  60  pounds  to  the  measured  bushel. 

*^No.  2  Durum  Wheat — Shall  be  dry,  clean,  and  of  good  milling  quality. 
It  shall  include  all  durum  wheat   that  for  any  reason  is  not  suitable   for    No. 

1  Durum  and  weigh  not  less  than  58  pounds  to  the  measured  bushel. 

''No.  3  Durum  Wheat — Shall  include  all  durum  wheat  bleached,  shrunken, 
or  for  any  reason  unfit  for  No.  2  and  weigh  not  less  than  55  pounds  to  the 
measured  bushel. 

"No.  4  Durum  Wheat — Shall  include  all  durum  wheat  that  is  badly  bleached 
or  for  any  cause  unfit  for  No.  3. 

"Note — Red-berried  durum,  western  soft  durum,  owing  to  their  inferior 
milling  quality,  shall  not  be  graded  higher  than  No.  3. 

"Note — The  percentages  of  inseparable  weed  seed  established  for  Nos.    1, 

2  and  3   Northern   Spring  wheat   shall   also   apply   to   Nos.   1,   2   and  3,   Durum 
wheat. 

"Mixed  Wheat — Eight  per  cent  or  more  of  spring  wheat  in  Durum,  Winter 
or  Western  White  or  Red  Wheat  and  4  per  cent  or  more  of  Durum,  Winter  or 
Western  White  or  Red  Wheat  in  spring  wheat  shall  be  graded  Noe.  1,  2,  3,  etc., 
MIXED  WHEAT.'' 

It  will  thus  be  observed  that  only  five  grades  are  fixed  for  the 
wheats  and  in  addition  *' sample  grade"  and  ''no  grade";  '*no  grade" 
of  course  representing  wheat  in  bad  condition.  The  sales,  therefore, 
in  the  terminal  market  in  Minneapolis,  for  example,  are  assumed  to 
be  made  on  these  grades,  but  it  would  appear  that  the  grading  of 
the  wheat,  as  carried  out  at  the  point  of  purchase  in  North  Dakota, 
is  in  accordance  with  instructions  sent  out  from  day  to  day  from 
Minneapolis,  as  shown  by  the  following  from  a  notification  postal 
card  sent  out  regularly  to  the  buyers  of  wheat. 

Minneapolis,   Minn.  Oct.    14,    1916. 

"This  cancels  card  of   13'^ 

lbs. 

Wheat   No.    1    Nor 57  158 

Wheat   No.   2    Nor 56  154 

Wheat    No.   3    Nor 54  148 

Wheat    No.    4    Nor    53  136 

Wheat   No.   4    Nor 52  130 

Winter  Wheat   No.   2   144 

Winter  Wheat  No.   3   138 

Durum  No.  1  60  160 

Durum  No.  2  58  156 

Durum  No.  3  55  144 
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Durum  No.  4  54  127 

Durum  No.  4  52-53  115 

Sample  Feed  Spring  No.  4  49-51  124 

Sample  Feed  Spring  A  47-48  114 

Sample  Feed  Spring  B  45-46  99 

Sample  Feed  Spring  C  43-44  89 

Sample  Feed  Spring  D  35-42  79 

Feed  Durum  No.  4  50-51  102 

Feed  Durum  A  48-49  93 

Feed  Durum  B  46-47  83 

Feed  Durum  C  44-45  73 

Feed  Durum  D  40-43  63 

Nor.  36  The  Grain  BuUetin 

The  official  body  establishing  these  grades  and  prices  is  not 
given  on  the  cards  as  they  go  out  from  Minneapolis  to  the  dealer. 
It  will  be  noticed  that  the  grading  according  to  this  card  is  quite 
different  from  the  official  grades  and  does  not  conform  with  regard 
to  test  weight  per  bushel. 

There  are  several  additional  grades, — Qrade  4,  No.  2  and  Qrade 
4,  No.  3;  and  in  addition  to  these  a  classification  is  made  as  **Peed 
A",  ''B",  **C",  and  '*D". 

No  matter  what  the  grade  may  be  at  the  point  of  purchase 
the  terminal  grade  is  assumed  to  be  one  of  the  five  as  indicated 
in  the  official  announcement  from  the  Board  of  Grain  Appeals.  There- 
fore, No.  4-No.2,  and  No.  4-No.  3  and  a  part  of  Feed  A  should 
sell  as  No.  4°.  The  balance  of  Peed  A  as  well  as  Feeds  B.  C.  and  D. 
will  all  be  sold  as  sample  grade  if  sold  under  the  official  classification. 

It  may  be  also  assumed  that  the  term  **Peed''  is  intended  to 
imply  that  the  wheat  had  no  milling  value,  but  is  to  be  used  exclusive- 
ly for  feed  purposes.  The  milling  tests  together  with  the  baking 
tests  will,  therefore,  prove  of  special  interest  in  this  connection.  The 
milling  was  done  on  the  small  two-stand  mill.  The  samples  were  sent 
in  from  various  parts  of  the  state,  some  from  individual  farmers,  from 
(•ount3'  agricultural  agents,  elevators,  demonstration  farms,  etc.  The 
number  of  samples  in  the  higher  grades  are  rather  limited,  but  having 
no  choice  in  the  matter  we  have  used  them  as  received. 

As  already  indicated  the  grading  is  based  on  a  card  or  price-list 
sent  out  to  the  local  elevators  by  the  Grain  Bulletin  from  Minneapolis, 
and  is  the  elevator's  instructions  regarding  grade  and  price  until 
there  is  received  a  renewal  with  the  market  changes.  This  card  is 
more  stringent  regarding  the  higher  grades  than  the  grading  rules 
issued  by  the  Minnesota  Grain  Inspection  Department  since  there  are 
grades  which  the  rules  make  no  provision  for  at  all.  Therefore,  the 
wheat  would  appear  to  be  bought  from  the  farmer  by  one  set  of  rules 
or  system  of  grading  and  sold  to  the  terminal  elevator  by  an  entirely 
different  system  of  grading  if  we  are  to  judge  from  the  information 
available  to  us.  The  price  as  quoted  on  the  card  is  made  apparently 
on  the  test  weight  per  measured  bushel  but  requires  sixty  pounds  of 
wheat  in  each  case  to  constitute  a  bushel  as  sold.  In  our  comparison 
as  a  basis  for  the  market  value,  we  take  the  average  of  the  high  and 
low  cash  market  at  Minneapolis,  as  quoted  by  the  Northwestern  Miller 
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for  6  days,  Oct.  11-17  inclusive.  Using  this  average  price  as  far 
down  as  the  grades  apply  or  correspond  to  the  grades  as  shown  by 
the  card,  and  then  using  the  same  spread  in  price  between  No.  1°,  as 
is  shown  by  the  card,  we  get  the  market  price  for  all  the  other  grades 
as  follows: 

MARKET  PRICE 

Average  of  high  and  low  and  averages  for  Oct.  11-17  inclusive. 
From  page  173  Northwestern  Miller. 

Hard  Red  Spring     Durum 

No.    1    Northern    1.7.32  1.806 

No.  2  Northern  1.704  1.760 

No.    3    Northern    1.626  1.6112 

No.   4    Northern    1.403  not    quoted 

Sample  grade  1.2777  not  quoted 

No  grade  1.4139  not  quoted 

If  we  base  our  values  on  No.  1  Northern  with  the  same  spread 
in  value  as  shown  on  the  card  sent  to  the  local  elevators  by  the 
Grain  Bulletin,  then  we  have  the  following: 

Grade  Hard  Red  Spring     Durum 

No.    1    Northern 1.732  1.806 

No.   2    Northern    1.704  1.760 

No.    3    Northern   1.626  1.6112 

No.   4    Northern    1.51  1.47 

No.  4  Northern  1.4')  1.35 

No.  4  Northern  1.39  1.22 

A  feed  1.29  1.13 

B  feed  1.14  1.03 

C   feed   1.04  .93 

I)  feed  94  .83 

If  we  deduct  from  the  above  figures  the  freight-rate  per  bushel 
for  any  grade  to  the  Minnesota  transfer,  we  should  then  have  the 
local  value  of  the  wheat  or  from  Fargo  approximately  7  cents  per 
bii.shel. 

The  market  quotations  for  flour  during  the  same  period,  according 
to  the  Northwestern  Miller,  ending  Oct.  17,  1916,  were  as  follows: 

straight  Flour,  per  100  lbs ^.426 

Bran,  per   100  lbs 1.156 

Shorts  and  other  products  per  100  lbs 1.567 

Screenings,  per  100  lbs 675 

The  foregoing  prices  are  for  wholesale  or  carload  lots  and  based 
upon  the  market  price  at  Minneapolis.  The  above  values  are  used 
throughout  in  the  calculations  for  these  tables. 

It  will  be  observed  that  the  majority  of  the  samples  for  this 
year  are  falling  under  the  classification  of  **Feed"  grades,  and  there 
is  in  our  series  no  No.  4  Northern,  although  there  are  a  few  samples  of 
the  higher  grades.  The  large  proportion  of  the  lower  grades  of  wheat 
makes  the  grading  of  the  milling  value  of  the  wheat  an  important 
matter  this  year. 

The  tables  from  1  to  9  show  clearly  for  themselves  the  facts 
concerning  the  several  grades  examined. 
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WHAT  THE  DATA  SHOWS: 

A  stiid^'  of  the  tables  will  show,  from  a  milling  point  of  view, 
that  the  percent  of  flour  from  No.  1  and  No.  2  Northern  is  fairly 
high  and  compares  favorably  with  the  results  obtained  at  this  Station 
in  other  years,  although  the  number  of  samples  represented  are 
limited  and  might  run,  in  a  larger  series,  somewhat  different.  The 
samples  in  No.  3  and  No.  4  Northern  grades  are  a  little  low  in  percent 
of  flour  compared  with  the  same  grades  in  other  years;  while  in  the 
soealled  '*Feed"  grades  we  have  had  very  few  samples  in  other 
years  with  which  to  make  a  comparison. 

We  find  in  the  No.  3  and  No.  4  Northern  grades  a  test  weight, 
before  cleaning,  of  55  pounds  to  49  pounds,  and  we  have  the  percent 
of  flour  ranging  from  69.03  to  68.01,  with  the  lowest  average  of  any 
grade  65.18  percent;  in  the  feed  grades  a  range  from  67.78  to  50.23 
percent,  with  the  lowest  average  in  any  grade  60.40  percent.  Between 
the  maximums  of  all  grades  there  is  a  spread  in  percent  of  flour  from 
73.07  in  Table  II,  sample  2990  to  50.32  in  Table  IX  sample  3289.  If  we 
assume  that  the  flour  from  these  two  samples  is  of  equal  baking  quality 
(the  baking  results  show  they  are),  then  the  flour  should  be  of  equal 
value,  and  figuring  the  difference  in  percent  of  flour  to  be  22.75  at 
the  value  as  shown  of  $4,426,  the  difference  would  be  $1.00  or  60 
cents  per  bushel.  The  sample  giving  the  high  percent  of  flour,  being 
No.  2  Northern,  market  value  $1,704,  would  make  the  sample  giving 
the  low  percent  of  flour  worth  $1,104  or  16.4  cents  more  than  the 
market  value  when  based  on  the  flour  percent  alone.  When  we 
consider,  for  these  two  samples,  the  value  of  the  mill  products,  we 
find  a  difference  of  33.72  cents  which  would  give  a  market  value  per 
bushel  of  $1,374  or  43.4  cents  per  bushel  more  than  the  market  value 
when  compared  with  the  No.  2  sample.  Ignoring  the  dockage  in 
either  case  there  would  be  a  difference  in  value  of  43.78  cents  per 
bushel  or  for  No.  2  Northern,  value  $1,704  less  43.78  cents,  equals 
151.262  or  32.62  cents  per  bushel  more  than  market  value. 

BAKING   RESULTS: 

A  study  of  the  data  presented  in  the  baking  results  will  show 
that  these  samples  can  be  blended  together  in  almost  any  quantity 
and  the  flour  would  make  a  good  bread.  By  eliminating  some  of 
the  poor  samples  or  by  adding  more  of  the  good  samples  a  choice 
flour  could  be  produced.  As  a  matter  of  fact,  the  large  mills  all 
blend  wheats  to  get  the  desired  results  for  color,  texture  and  loaf 
volume.  All  these  wheats  are  good  and  in  general  show  large  loaf 
volume  and  good  texture,  but  not  always  standard  in  color,  some- 
times quite  inferior  in  color  which  would  not  seriously  affect  the 
blend  and  would  add  much  in  strength,  for  the  gluten  content  is 
exceptionally  good. 
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GENERAL  AVEBAGES: 

If  we  take  the  general  averages  for  the  several  grades  as  pre- 
sented in  the  tables  and  bring  together  the  data  for  comparison, 
both  with  regard  to  the  milling  and  baking  tests,  we  shall  find  that 
the  percent  of  flour  is  much  higher  for  the  lower  grades  than  is 
generally  assumed.  If  we  examine  the  loaf  volume  we  note  that  for  the 
lower  grades  the  volume  is  much  higher  than  for  the  higher  grades; 
while  the  color  averages  the  equal  of  the  minimum  standard  for 
straight  flours.  The  same  is  true  for  the  texture,  although  it  does 
not  equal  that  of  the  higher  grades,  and  show  the  advantages  thai 
would  come  from  being  blended  with  other  flours.  The  data  for 
the  combined  averages  is  as  follows: 

TABLE  XV.     THE  AVERAGES: 


No.  1 

No.  2 

No.  3 

No.  4 
(2) 

No.  4 
(3) 

FEED 


I      B    I      C      I     D 


Weight    uneleaned 
Weiiht    cleaned    .. 

Screenings    

Flour,    percent    .... 
Bran,  per  cent   .... 
Shorts,    percent 
Loaf   volume,   c.  c. 

Color     

Texture     


57.5 

56.0 

54.4 

52.1 

49.2 

47.4 

45.0 

43.3 

60.5 

58.5 

58.7 

56.1 

54.2 

53.4 

50.8 

49.6 

3.37 

3.96 

6.23 

6.57 

6.77 

9.24 

11.51 

8.43 

69.63 

72.64 

65.44 

65.18 

65.68 

63.72 

63.39 

62.9 

16.27 

14.30 

12.57 

12,90 

15.88 

15.98 

17.76 

17.35 

13.53 

13.69 

20.76 

21.44 

18.41 

20.41 

19.04 

19.11 

2317 

2292 

2291 

2304 

2522 

2314 

2471 

2734 

93.7 

93.2 

91.5 

91.0 

91.0 

88.6 

88.9 

92.3 

93.0 

94.2 

90.5 

90.2 

89.2 

88.3 

89.0 

93.6 

37.9 
46.7 
17.34 
60.40 
19.04 
19.69 
2677 
84.3 
91.5 


In  the  same  manner  if  we  bring  together  the  receipts  for  the 
mill  products  as  compared  with  the  cost  for  the  wheats,  we  shall 
get  a  better  idea  of  the  relative  value  and  of  the  gain  in  percent,  or. 
undoubtedly,  the  comparative  profits  for  handling  the  several  grades 
of  wheat,  as  follows: 

TABLE  XVI.     THE  RECEIPTS  PER  BUSHEL 


No.  1 

No.  2 

No.  3 

No.  4 
(2) 

No    4 
(3) 

FEED 

A        i         B       1       C        1       D 

The    Cost 

$1,732 

$1,704    1  $1,626    1  $1.45 

$1.39      1  $1.29       1  $1.14      1 

$1.04 

$0.94 

Receipts : 
Screenings 
Flour     .... 

Bran    

Shorts   .... 

0.0136 
1.8494 
0.1129 
0.1272 

0.0160 
1.9290 
0.0992 
0.1287 

0.0252 
1.7378 
0.0872 
0.1952 

0.0260 

1.7309 

1    0.0895 

1    0.2016 

0.0274 
1.7442 
0.1101 
0.1731 

0.0374 
1.692 
0.1108 
0.1919 

0.0466 
1.6834 
0.1232 
0.1790 

0.0359 
1.6696 
0.1203 
0.1797 

.0702 
1.6040 
0.1321 
0.1K."il 

Total  

Increase 
Gain    % 

$2.1031 
0.3711 
21.4 

$2.1729 
0.4689 
27.5 

$2.0454 
0.4194 
25.8 

$2.0486 
0.5986 
41.1 

$2.0548 
0.6648 

47.8 

$2.0323 
0.7423 
57.5 

$2.0322 
0.8922 
78.2 

$2.0055 
0.9655 
92.8 

$1.9»14 
J. 0514 
lll.H 

RKLATIVE   PROFITS: 

111  examining  the  table  above  we  note  that  the  percent  of  flour 
produced  by  the  grades  of  wheat  Nos.  3,  4  (2)  and  4  (3)  are  essentially 
the  same  or  above  sixty-five  percent  and,  therefore,  presumably  are 
of  equal  value  for  flour  production;  while  in  bread  production  they 
show  a  larger  loaf  volume  than  the  higher  grades  and  are  but  slightly 
inferior  in  color.  Four  classes  of  wheats  grade  as  Peed  A,  B,  C, 
and  D  all  produce  above  sixty  percent  of  flour  on  the  average  for  the 
entire  series  and  it  is  not  to  be  as.sumed  that  a  product  of  as  much 
value  as  this  for  flour  production  will  be  used  as  cattle  feed.    When 
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we  examine  the  bread  made  from  these  flours  we  find  a  better  average 
loaf  volume  than  for  any  other  class  as  would  be  expected  from  the 
gluten  content,  and  the  color  and  texture  averages  well.  The  inter- 
esting feature  comes,  however,  it  seems  to  me,  in  considering  the 
increase  in  percent  of  the  sales  price  for  the  mill  products  as  com- 
pared with  the  cost  for  the  wheat.  This  can  best  be  summarized  again 
as  follows: 

TABLE  XVII.    COMPARISON  OP  GOST  OF  WHEAT  AND  RECEIPTS  FROM 

MILL  PRODUCTS 


Cost  of  wheat 


Receipts    from 
mill  products 


Percent  of  gain 


No.    1    Northern    ?1.732  I               $2.10:U  i             $21.4 

No.    2    Northern    1.704  '                 2.1729  ,               27.5 

No.    3    Northern    1.626  2.0454  I               25.8 

No.   4    (2)    1.45  i                  2.0486  41.1 

No.    4    (3>    1.39  2.0548  I               47.8 

Feed    A     1.29  '                 2.0323  57.6 

Feed    B    1.14 

Feed    C     1.04 

Feed    1>    .94 


2.0322  78.2 

2.0055  92.8 


1.9914  111.9 


Clearly  if  there  is  a  profit  in  milling  high  grade  wheats;  No.  1 
and  No.  2  Northern  this  year,  when  the  gain  is  21.4  percent  and  27.5 
percent,  then  certainly  in  the  lower  grades  where  for  No.  4  (3)  there 
is  a  gain  of  47.8  percent  and  in  Feed  C.  92.8  percent  and  in  Peed 
D  111.9  percent,  then  there  certainly  should  he  a  net  profit  for  the 
feed  wheats  much  in  excess  of  that  made  on  the  high  grade  wheats 
and  would  indicate  their  relatively  greater  value  than  is  shown  by  the 
purchase  price.  These  figures,  of  course,  do  not  show  the  cost  of 
manufacture  or  legitimate  profits;  they  are  only  intended  to  be  ac- 
curate data  with  regard  to  the  total  proceeds  from  the  sale  of  the 
various  products  as  compared  with  the  cost  of  the  original  material. 

A  CAB-LOAD  OP  WHEAT. 

For  convenience  let  us  take  a  carload  of  wheat  for  the  sev<»ral 
grades  and  follow  it  through  from  the  North  Dakota  farmer  to  the 
terminals  and  the  milling  i)ortions  back  again  through  to  retail 
trade  to  the  consumer  who  may  have  been  the  farmer  who  produced 
the  wheat  itself.  This  will  give  us  a  better  means  of  comparison 
and  one  that  can  be  easily  understood  and  followed. 

Nine  of  the  ten  grades  are  represented  in  the  tables  presented 
in  this  bulletin.  There  were  no  samples  with  the  proper  weight 
per  measured  bushel  to  make  a  first  No.  4  Northern  grade.  It 
should  be  borne  in  mind  that  these  grades  do  not  conform  to  the 
Minnesota  Grain  Inspection  Rules  which  provide  for  seven  grades 
for  Hard  Red  Spring  wheat.  The'  grades  as  shown  on  the  card, 
therefore,  are  arbitrary  and  only  apply  when  the  farmer  sells  his 
wheat  to  the  local  elevator  company  or  other  dealer  employing  this 
same  system  of  grading.  For  a  comparison  of  the  grades  and  values 
we  will  offer  the  following  giving  the  local  grade  and  weight  per 
hnshel  and  value  as  shown  by  the  card  of  Oct.   14,   1916,  followed 
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by  the  Grain  Inspection  Department  grades,  weight  per  bushel  and 
average  value  at  Minneapolis  for  the  week  ending  Oct.  17,  1916. 

TABLE  XVIII.     COMPARISON   OF   LOCAL  GRADES   AND   VALUES    WITH    GRADE    Al^D 

VALUE  AT  MINNEAPOLIS. 


Local 
Grade 

Weight  per 
bushel    lbs. 

57 

Value 

Minn.  Grade 

Weight    per 
bushel    lbs. 

Value 

No.    1    N 

$1.58 

No.    1    N 

57 

n.732 

No.   2    N 

5«             1 

1.64 

No.    2    N 

65 

1.704 

No.    3    N 

64 

1.48 

No.    3    N 

53 

1.626 

No.   4    N 

63 

1.36 

No.    4    N 

48 

1.51 

No.   4   N 

62 

1.30 

Sample  grade 

No  limit 

1.28 

No.    4    N 

49-51           ' 

1.24 

No  firrade 

1.41 

A  Feed  

47-48 

1.14 

B  Feed  

45-46           i 

.99 

C  Feed  

43-44           1 

.89 

D  Feed  

35-42 

.79 

Let  us  use  60,000  pounds  as  a  carload  and  take  the  nine  grades, 
assuming  that  the  farmer  sold  the  product  at  the  values  here  given, 
and  calculate  the  returns  for  the  same;  first,  the  wheat  as  received 
from  the  farmer;  then  the  wheat  as  graded  in  Minneapolis  on  the 
track;  then  the  amount  received  by  the  elevator  company  unloaded. 
If  we  then  take  the  data  furnished  from  the  milling  experiments  and 
calculate  the  market  value  for  the  flour,  bran  and  shorts,  or  mill 
products,  comparing  these  with  the  local  feed  and  flour  values  for 
the  same  products  as  retailed  in  Pargo,  we  shall  have  pretty  com- 
plete information. 

TABLE  XIX.  NO.  1  NORTHERN;  CARLOAD  (60,000  POUNDS)  BOUGHT  FROM  FARMER 

OCT.  14,  AT  CARD  VALUE,  $1.98  PER  BUSHEL. 


Dockage,    %    !  3.37 

Clean  wheat,  bus.-lba 966-18 

Price  per  bushel  1.58 

Value $1526.75 


3.96 

6.23 

6.57 

960-24 

937-42 

934-18 

1.54 

1.48 

1             1.30 

$1479.01 

$1387.73 

!    $1214.43 

If  we   ship   the   same   wheat   to   Minneapolis,   according   to    the 
prices,  we  should  have  the  following: 

TABLE  XX.     MINNEAPOLIS  VALUE  OP  WHEAT  CITED  IN  TABLE  XIX 


Dockage,  bus.-Ibs 

Clean   wheat,   bus.-lbs   

Price  per  bushel  

Value     

Less  freight  at  lie  per  cwt 
Net  value  on  track' at  Mpls 

Gain    

Value  of  screenings  

Total   gain    


33-42 

966-18 

$1,732 

$1673.34 

$66.00 

$1607.34 

$80.59 

$13.65 

$94.24 


3'J-oO 


960-24 

$1,704 

$1636.35 

$66.00 

$1570.35 

$91..*?4 

$18.63 

$109.97 


39-.50 

937-42 

$1.62.') 

$1507.30 

$66.00 

$1441.30 

$53.57 

$25.23 

$78.80 


(i5-42 

934-lS 

$1.45 

$1354.56 

$66.00 

$1288.56 

$74.1?. 

$26.21 

$100..'t4 


From  the  above  total  gain  the  farmer  would  find  it  necessary 
to  pay  his  commission  and  losses. 

On  the  other  hand,  let  us  assume  that  the  wheat  has  gone  into 
the  mill,  been  converted  into  mill  products  and  sold  at  Minneapolis 
wholesale  prices,  as  follows: 
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TABL£  XXI.     WHOLESALE  PRICE  OF  MILL  PRODUCTS  OF  WHEAT  CITED  IN  TABLE  XIX 


ScreeDlDj^s,  lbs 

Screenings  value  

Straight  flour,  value 

Bran,    value   

Shorts,  value  

Ijoss  in  milling  


Total   receipts   

Cost  of  wheat  on  track 
<'ro8s  gain  


2022 

$13.65 

$1788.66 

$109.42 

$123.15 


2376 

$18.63 
$1854.31 

$95.58 
$123.86 


3738 

$25.23 
$1631.04 

$82.04 
$183.37 


$2034.88 

$1673.34 

$361.54 


$2092..S8 

$1636.35 

$456.03 


S1921.68 

$1507.30 

$414.38 


3942 
$26.61 
$1618.68 

$83.88 
$188.68 


$1917.85 

$1354.56 

$562.29 


Now  let  US  assume  that  the  same  products  have  been  returned 
to  the  retail  trade  at  Fargo  and  sold  at  the  prevailing  prices: 

TABLE  XXII.    RETAIL  PRICE  AT   FARGO   OP   MILL   PRODUCTS  OF   WHEAT  CITED  IN 

TABLE  XIX. 


3* 


*•   (2) 


Screenings $22.24 

Straight   flour    $2244.91 

liran    $146.21 

Shorts   $145.11 

I^oss  in  milling  


$26.14 

$2327.30 

$127.72 

$145.95 


$41.12 

$2047.08 

$109.62 

$216.08 


$48.36 

$2031.57 

$112.08 

$222.33 


ToUl    receipts    $2558.47 

Total  gain   $1031.72 


$2627.11 
$1137.10 


$2413.90 
$1026.17 


$2409.34 
$1194.91 


In  the  same  manner  let  us  consider  the  several  other  grades. 

TABLE  XXIII.     NO.  4   NORTHERN     (3),  (60,000   POUNDS),  AND  THE  WHEATS  MARKED 
"FEED"   A,   B,   C,   AND  D    BOUGHT  FROM  FARMER  OCT.  14  AT  CARD  VALUE, 

$1.24  PER  BUSHEL, 


Grade  No. 
4    (3) 


Feed  -A 


B 


D 


% 


6.77  9.24 

932-18  I      907-36 

$1.24  $1.14 

Value  " 1  $1156.05  •  $1034.30 


Dockage, 

Clean   wheat,   bas.-lb. 

Price  per  bushel 


11.51 

884-54 

$0.99 

$876.05 


8.43 

I      915-42 

$0.89 

I    $814.97 


17.34 

826-36 

$0.79 

$653.01 


If  we  ship  the  same  wheat  to  Minneapolis,  according  to  prices 
on  track,  we  should  have  the  following: 


TABLE  XXIV.      MINNEAPOLIS  VALUE  OF  WHEAT  CITED  IN  TABLE  XXIII. 


Grade  No. 
4    <3) 


Feed   A 


B 


D 


Dockage,    bns.-lbB 

Clean  wheat,  buB.-lb8 

i'rice  per  bushel  

Value    

Less  freight  at  lie  per  cwt.... 
Net  value  on  track    at    Mpls. 

(;aln    ^ 

Value  of  screenings  

Total  gain  


67-42 

92-24  , 

115-6 

84-18 

932-18 

90736 

884-54 

915-42 

$1.39 

$1.28 

$1.28 

$1.28 

$1295.73 

$1161.72 

$1132.65 

$1172.09 

$66.00 

$66.00 

$66.00 

$66.00 

$1229.73 

$1195.72 

$1066.65 

$1106.09 

$73.68 

f71.33 
$37.42 

$190.60 

$291.12 

$27.42 

$46.62 

$34.14 
$325.26 

$101.10 

$108.75 

$2.37.22 

173-24 

826-36 

$1.28 

$1058.05 

$66.00 

$992.05 

$339.04 

$70.23 

$409.27 


On  the  other  hand,  as  in  previous  cases,  let  us  assume  that 
the  wheat  has  gone  into  the  mill,  been  converted  into  mill  products, 
and  so\d  at  wholesale  prices,  as  follows: 
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TABLE  XXV.  WHCH.ESALE  PRICK  OF  MILL  PRODUCTS  OF  WHEAT  CITED  IN  TABLE  XXUl 


Grade  No. 
4   (8) 


ScreeuiuKH,    lbs 

Value    

Straight  flour,  value 

Bran,   value  

Shorts,    value    

Loss   in    milling   


D 


4062 

527.42 
27.58 
$103.04 
$161.68 


5544 

$37.42 

$1537.17 

$100.94 

$174.49 


6906  I      5058 

$46.62  I         $34.14 

$1490.96  $1530.21 

$109.39  :      $110.57 

$l.'i8.71  $164.85 


Total   value   

Cost   of   wheat   on    track    at 
Minneapolis    


$1919.72 
$1295.73 


$1850.02    I    $1805.68    |    $1839.77 
$1161.72    I    $1066.65        $1106.09 


10404 

$70.23 

$1327.00 

$109.54 

$iri3.;{:; 


$1660.15 
$105S.0u 


OroHs  gain 


$693.99 


$688.30 


$7.39.03 


$733.68 


$602. 1ft 


As  in  the  previous  case  let  us  assume  that  the  products  have 
been  returned  to  the  retail  trade  at  Fargo  and  sold  at  the  prices 
prevailing,  or  had  been  purchased  back  by  the  farmer  who  grew 
the  wheat,  then  for  these  respective  grades  we  should  have: 

TABLE  XXVI     RETAIL  PRICE  AT  FARGO  OP  MILL  PRODUCTS  OP  WHEAT  CITED  IN 

TABLE  XXIII 


Grade  No. 
4(3) 


Feed  A 


B 


Screenings    i    $     44.68 

Flour  '      2042.74 

Bran    137.69 


Shorts  . 
Loss  in 


milling 


190.51 


Totol  receipts  $2415.62 

Increased    cost    $1259.57 


$     60.98 

1920.26 

134.88 

205.61 


$     75.97 

1871.27 

146.17 

187.02 


$2330.73 
$1295.34 


$2280.43 
$1404.38 


$     55.64 

1920.54 

147.75 

194.25 


$2318.18 
$1493.21 


$  114.44 

1665.55 

146.37 

180.67 


$2107.0:J 
$1454.02 


SUMMARIZED  STATEMENT: 

Let  US  summarize  more  fully  the  data  presented  for  the  carload 
lots  by  taking  the  totals  as  received  for  the  products  at  market 
value  and  show  how  much  it  has  cost  the  farmer  who  brought  in 
the  carload  of  wheat  at  Fargo  and  purchased,  at  market  prices,  the 
mill  products  therefrom,  as  well  as  the  intervening  prices  that  pre- 
vailed at  the  terminal  and  as  the  wholesale  prices  for  the  mill  pro- 
ducts.    The  results  will  be  as  follows: 

TABLE  XXVII.     A  CARLOAD  OF  WHEAT  PROM  PARMER  TO  CONSUMER 


Grade 

Price 

paid 

farmer 

Minnea- 
polis price 

)        on  track 

1 

Mill 

As 

wholesaled 

Prodacts 

1 

A» 
retailed 
ai  Fargo 

No.  1  Northern 
No.  2  Northern 
No.  3  Northern 
No.  4  Northern 



(2)  ""!!!!!!!!!'!"!!!!!!!!^" 

$1520.75 
1479.01 
1387.73 
1214.43 
1150.05 
1034,39 
S70.05 
S14.97 

r)r»  3.01 

$l«l)7.34 
1570.35 
1441.30 
12S8.56 
1229.73 
1195.72 
1066.05 
1106.09 
992.0(5 

$2034.88 
2092.38 
1921.68 
1917.85 
1919.72 
1850.02 
1805.68 
1839.77 
1600.15 

1 

f 

1 

i 
1 

1 

1 

$2558.47 
2627.11 
2413.90 
2409.34 

No.  4  Northern 

(3)  

2415.62 

A     Food    

2330.7:1 

K     Feed    

2288.4.1 

C     Feed     

2318.18 

I)     Feed     

2107.0:; 

In  the  above  we  have  attempted  only  to  follow  through  a 
concrete  example  of  a  carload  of  wheat  so  as  to  show  more  speci- 
fically what  each  grade  would  be  valued  at  according  to  the  system 
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of  grading  and  marketing  prevailing  in  the  several  localities.  In 
other  words  then,  the  farmer  who  sold  one  carload  of  wheat,  60,000 
pounds,  at  Fargo  and  purchased  back  the  mill  products  from  the 
same,  as  returned  from  Minneapolis,  pays  for  the  transaction  above 
the  price  which  he  received  for  his  wheat  for  the  several  grades, 
as  follows: 

TABLE  XXVIII.     INCREASED  COST  OF  MILL  PRODUCTS  OVER  PRICE  FOR  WHEAT 

No.  1  Northern  $1031.72 

No.  2  Northern  1148.10 

No.  :i  Northern  102G.17 

\o.  4  Northera  (2)  1195.41 

No.  4  Northern  (3)  1259.57 

A   Feod  1295.34 

i;   hoe<\   1404.:tS 

r  Fwd  :..  1493.21 

I  ►  Fe^d  1454.02 

In  Other  words,  on  an  investment  for  low  grade  wheat  which 
costs,  for  a  carload,  less  than  one-half  of  that  for  a  high  grade 
wheat,  there  was  a  total  income  very  much  greater  than  for  the 
best  wheat  on  the  market.  For  example,  in  grade  D  Peed,  the 
carload  cost  $653.01  as  compared  with  $1526.75  for  grade  No.  1 
Northern;  while  the  increase  in  selling  price  over  that  of  the  cost 
price  for  Feed  A  wheat  would  be  $1454.02  and  only  $1031.72  on 
No.  1  Northern.  This  would  seem  to  lead  back  to  the  original  ques- 
tion as  given  in  our  first  bulletin, — **Is  the  Present  System  of  Grading 
^Vheat  Equitable  r' 
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SOIL  SURVEY  OF  DICKEY  COUNTY  NORTH  DAKOTA. 

By  T.  M.  BUSHNBLL,  In  Charge,  B.  H.  SMIBS  and  W.  I.  WATKINS,  of  the 
U.  S.  Department  of  Agriculture,  and  A.  C.  ANDBRSON,  MBLVIN  THOMAS, 
MURRAY  E.  STBBBINS,  R.  C.  DONBGHUB,  and  J.  W.  INCB,  of  the 
North  Dakota  Agricultural  Bxperiment  Station. 

DESCRIPTION  OF  THB  AREA. 

Dickey  County,  N.  Dak.,  lies  on  the  eastern  part  of  the  southern 
boundary  of  the  State.  It  is  rectangular  in  shape,  and  is  bounded  on 
the  north  mainly  by  Lamoure  County,  on  the  east  by  Sargent  County, 
on  the  south  by  the  South  Dakota  State  line,  and  on  the  west  by  Mc- 
intosh County.  The  county  is  48  miles  long  and  24  miles  wide,  and 
has  an  area  of  1,142  square  miles,  or  730,880  acres. 

Dickey  County  occupies  portions  of  two  plains,  known,  respec- 
tively, as  the  Prairie  Plains  and  the  Missouri  Plateau.    The  first  of 
these  is  the  lower,  having  a  range  in  elevation  from  about  1,800  to 
1,600  feet  above  sea  level.    Although  there 
is  a  gradual  descent  from  the  west,  the 
area  slopes  also  toward  the  south,  as  is 
indicated  by  the  stream  courses.     The 
greater  part  of  the  surface  is  character- 
ized by  an  undulating  to  gently  rolling 
topography. 

The  local  topography  is  uniform  over  fio.  i.~sketch  map  showing 
the  country,  being  typically  that  of  a  \:i::^':ri;Ln:  ^^oZ 
ground  moraine  of  faint  expression,  with 

extremely  faint  dissection.  The  valleys,  excepting  that  of  the  James 
River,  are  rarely  more  than  25  feet  deep  or  one-fourth  mile  in  width. 
The  James  Eiver  has  a  valley  about  125  feet  deep  and  varying  in 
width  from  about  1  mile  to  more  than  8  miles  in  the  expansion  of  the 
valley  south  of  Oakes,  known  as  the  bed  of  Lake  Dakota.  The  latter 
is  a  broad  plain  of  constructional  water-laid  topography  lying  about 
20  feet  above  the  level  of  the  James  River.    (See  PI.  I,  fig.  1.) 

Beginning  on  the  southwestern  side  of  the  big  bend  of  the  James 
River  and  following  a  course  slightly  west  of  south  is  what  appears 
to  be  the  remains  of  an  old  spillway  of  the  James  River.  This  is 
about  3  miles  wide  at  the  north  end,  but  narrows  after  passing  a 
point  just  west  of  Clement  It  practically  disappears  in  Kent  Town- 
ship, but  there  are  indications  that  the  drainage  divided  at  this  point, 
one  branch  going  south  just  west  of  Guelph  and  the  other  passing 
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east  of  Silverleaf  on  its  course  toward  the  Maple  Siver  Valley.  Iliu 
strip  of  land  is  characterized  by  a  large  number  of  poorly  drained 
areas,  which  occur  in  chains,  and  by  rough  topography  in  contrast 
with  the  surrounding  country. 

The  second  main  physiographic  division  of  the  county,  the  Mis- 
souri Plateau,  is  a  plain  like  the  Prairie  Plains,  but  it  has  an  eleva- 
tion  of  about  2,000  feet  above  sea  level.  In  this  region  there  are  two 
types  of  minor  surface  relief ;  one  consists  of  the  comparatively  nar- 
row, eroded  edge  of  the  plateau  and  the  other  of  the  surface  of  the 
plateau  covered  by  sharply  rolling  morainic  hills  with  small  inclosed 
basins  of  restricted  drainage.  This  plateau  is  known  as  the  Missouri 
Coteaus,  and  probably  represents  a  preglacial  plateau  modified  by  the 
deposition  of  glacial  material  on  its  surface.  The  overburden  of 
glacial  drift  is  a  part  of  the  Altamont  moraine.  The  eastern  bound- 
ing escarpment  passes  across  the  State  in  a  northwest-southeast  direc- 
tion, but  in  this  coimty  its  front  has  a  north-south  direction.  Its 
width  in  the  county  varies  from  about  9  miles  in  the  northern  part 
to  about  6  miles  in  the  southern  part.  At  the  northern  line  of  the 
county  the  ascent  from  the  lower  plain  is  gradual,  but  toward  the 
south  the  slope  is  much  steeper  and  the  ascent  of  200  feet  or  more 
takes  place  in  less  than  a  mile.  On  the  plateau  proper  regional 
drainage  has  not  been  established  and  the  original  constructional 
surface  has  been  little  modified  by  erosion. 

The  regional  drainage  of  the  county,  where  it  has  been  established, 
is  effected  by  a  large  number  of  almost  parallel  streams  which  have  a 
general  trend  slightly  east  of  south.  The  larger  streams,  the  Jame^ 
and  Maple  Rivers,  make  their  eastward  turn  through  sharp  beitds  in 
the  northern  part  of  the  county.  The  main  drainage  ways  that  rise 
in  the  county  follow  a  course  almost  due  south  to  the  county  line. 
The  James  River  is  the  most  important  stream  in  the  county,  and  all 
the  streams  after  they  leave  the  county  find  their  way,  through  the 
James,  into  the  Missouri. 

In  the  old  Lake  Dakota  basin  local  drainage  has  not  been  estab- 
lished, but  the  rainfall  sinks  rapidly  into  the  sandy  soil.  In  low 
areas  of  heavy  soil  where  seepage  accumulates  jjporly  drained  areas, 
lakes,  and  marshes  occur.  Local  drainage  is  poorly  established  along 
the  eastern  edge  of  the  upland  prairie.  Toward  the  moraine,  as  the 
slope  is  more  pronounced,  drainage  ways  are  more  generally  de- 
veloped, but  there  are  still  many  extensive  areas  without  streams.  In 
most  places  the  run-off  is  carried  into  depressions  by  shallow  swales. 
Innumerable  small  areas  of  restricted  drainage  are  found  over  the 
entire  region,  except  on  the  slopes  bordering  the  moraine. 

The  population  consists  mainly  of  inunigrants  and  the  descendants 
of  immigrants  who  came  into  the  county  principally  from  Wis- 
consin, Iowa,  Illinois,  and  other  Central  States.  According  to  the 
1910  census,  77.6  per  cent  of  the  population  is  native  bom.    The 
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greater  part  of  the  foreign-bom  populaticm  is  from  Sussia,  Norway, 
Canada,  and  Finland.  The  total  population  of  the  county  is  re- 
ported in  the  census  of  1910  as  9,839,  as  compared  with  a  total  of 
6,061  reported  in  1900.  The  entire  population,  as  reported  in  1910, 
is  ^ven  as  rural,  and  averages  8.6  per  square  mile. 

The  two  principal  towns  in  Dickey  County  are  EUendale,  which  is 
the  county  seat  and  has  a  population  of  about  1,400,  and  Oakes, 
with  a  population  of  about  1,500,  according  to  the  1910  census. 
These  are  progressive  cities  with  modem  improvementa  Fullerton, 
Forbes,  Monango,  Ludden,  Merricourt,  and  Guelph  are  small  towns 
with  populations  ranging  from  about  100  to  300. 

Dickey  County  includes  somewhat  over  130  miles  of  railroad  and 
20  shipping  points.    One-half  the  farms  of  the  coimty  are  within  3 

miles  of  some  elevator  or  loading  platform  and  four-fifths  within  6 
miles.  A  large  area  in  the  vicinity  of  Wirch  is  10  to  18  miles  distant 
from  the  nearest  railroad.  The  railroads  afford  direct  transporta- 
tion to  Minneapolis  and  St.  Paul,  and  the  markets  in  these  cities  deter- 
mine the  values  of  farm  products  in  Dickey  County  to  a  large  extent. 

A  strip  along  every  section  line  is  legally  reserved  for  a  public 
road,  but  the  roads  are  interrupted  in  a  few  places  by  natural 
obstacles,  especially  along  the  James  and  Maple  Bivers  and  in  the 
rough  country  in  the  western  part  of  the  county.  Most  of  the  roads 
are  mere  wagon  tracks  worn  down  through  the  prairie  sod  to  depths 
of  4  to  12  inches,  but  the  main  roads  to  the  towns  usually  are 
graded.  Much  interest  is  being  taken  in  the  establishment  of  good 
roads,  and  the  old  trails  are  being  fenced  across,  while  scrapers  and 
grading  machines  are  being  used  for  building  fills  through  depres- 
sions and  digging  road  ditches.  Where  available,  gravel  is  used 
as  a  surfacing  material.  The  James  River  is  bridged  at  seven  well- 
distributed  points  in  Dickey  County,  while  the  roads  on  twenty  or 
more  section  lines  stop  near  its  banks. 

Two  sections  in  each  township  are  reserved  for  school  purposes, 
and  the  country  schools  are  in  good  condition  and  well  conducted 
for  a  new,  thinly  settled  country.  Telephone  lines  and  the  rural  de- 
livery of  mail  reach  all  parts  of  the  county. 

CLIMATE. 

The  climate  of  Dickey  County  is  subhumid,  with  comparatively 
long  winters  and  short  summers.  Thawing  weather  usually  begins 
about  the  middle  of  March,  and  field  work  starts  by  April  10.  From 
this  time  until  May  10  the  weather  is  usually  quite  cool  and  growth 
is  comparatively  slow.  After  this  time  the  higher  temp>erature  and 
long  bright  days  result  in  a  much  more  rapid  growth,  which  con- 
tinues until  the  small  grains  mature,  except  when  growth  is  checked 
by  occasional  periods  of  drought  There  are  very  few  hot  days  and 
the  nights  are  cool. 
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As  a  rule,  the  fall  season  is  oomparatiyely  dry  and  there  are  mtnj 
days  of  fair  weather.  The  ground  seldom  freezes  before  the  middle 
of  November.  During  short  periods  of  extremely  cold  weather  the 
thermometer  may  occasionally  register  as  low  as  40°  below  zero.  The 
dry  air  makes  the  cold  less  penetrating  than  in  the  more  humid 
regions.  These  periods  are  less  disagreeable  than  wh«i  ^  blizzards " 
occur,  and  moderately  low  temperatures  are  attended  by  high  winds. 

Weather  Bureau  observations  at  Berlin  for  19  years  show  the 
frost-free  period  to  be  102  days.  The  average  date  of  the  last  killing 
frost  in  the  spring  has  been  June  2,  and  the  first  in  the  fall  Septem- 
ber 12.  The  latest  frost  in  the  spring  has  been  June  21,  and  the 
earliest  in  the  fall  August  31.  At  the  substation  at  Edgeley  15  years' 
records,  1901-1914,  show  the  frost-free  period  to  be  129  days.  The 
average  date  of  the  last  killing  frost  in  spring  is  May  14  and  the 
first  in  fall  September  20.  At  Fullerton,  Weather  Bureau  records 
show  the  frost-free  period  to  be  122  days,  the  average  date  of  the 
last  spring  frost  being  May  17  and  the  first  fall  frost  September  16. 
The  latest  in  the  spring  occurred  on  June  7  and  the  earliest  in  die 
fall  on  August  12.  The  average  frost-free  period  for  the  three  points 
is  117  days. 

Normal  numtJUy,  ieasonal,  and  annual  temperature  and  precipitation  at 
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Records  of  the  rainfall  during  the  seven  months  from  April  to 
October  are  available  for  the  five-year  period  1910-1914.  These 
are  given  in  the  following  table : 

Summary  of  rainfall  data  at  Oakeg  Demonstration  Farm} 


Month. 

1010 

1011 

1013 

lOU 

1014 

April 

«9ICHv8a 

aoo 

.M 
LM 

.04 
2.38 
0.38 

.40 
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LM 

x-n 
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3.17 
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0.07 
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8.07 

August ...  .X.....X  . 

.70 

8«pteiBb«r 

1.78 
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.04 

Total 

0.03 

U.41 

10.81 

U.86 

17.00 

I  Conpiled  from  pabUshed  records  in  Annual  Reports  of  the  Boperintendent  of  Demonstration  Formt 
1010-1914. 

A  record  of  evaporation  from  a  free  water  surface  during  the 
growing  season  have  been  kept  for  several  years  at  the  Edgeley 
substation.  This  together  with  precipitation  for  the  same  period 
is  summarized  in  the  foUowing  table: 

Precipitation  and  evaporation  for  the  proioinif  season,  IWt^ldlt} 

MONTHLY  PRECIPITATION. 
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MONTHLY  EVAPORATION. 
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I N.  D.  Afr.  Sxpt  Bta.,  Tnth  Annual  Reportof  ttio  Bdfoloy  SabstatioB  1013,  p.  IL 

Seven  years'  records  during  the  months  of  April  to  September 
show  the  average  total  evaporation  from  a  free  water  surface  to  be 
equivalent  to  80.42  inches  of  rainfall^ 


84411*— II 


I N.  D.  Ap.  Ezpl.  Sta.  BnL  IUHp  p.  100. 


10  FIELD  OPBRATIONS  OF  THE  BUBEAU  OF  SOILS^  1914. 

Over  one-half  the  rainfall  ccmies  in  May,  June,  July,  and  August 
This  is  fairly  well  distributed  through  these  months.  On  the  better 
soils  that  are  well  tilled  and  in  a  high  state  of  fertility  the  avenge 
rainfall  during  these  months  alone  is  sufficient  to  produoe  a  fur 
crop,  if  it  could  all  be  utilized.  The  evaporation  from  a  free- water 
surface  is  quite  high  and  indicates  that  moisture  can  be  lost  ven 
rapidly  from  a  moist  soil. 

AGRIOULTUBB, 

The  lands  of  the  county  were  surveyed  and  opened  for  entry  in  tiie 
early  eighties,  and  considerable  land  was  taken  up  in  the  eastern  part 
of  the  county  by  homesteading,  preemption,  and  tree  claims.  In  18d0 
the  census  figures  show  that  SS7,844  acres,  or  about  45  per  cent  of  the 
county,  was  in  farms.  Of  this,  178,460  acres,  or  about  58  per  cent  of 
the  land  in  farms,  was  improved.  In  1900  there  were  470,910 
acres  in  farms  in  the  county,  or  68  per  cent  of  the  land  area.  The 
percentage  of  improved  land  in  farms  was  practically  the  same  as  ic 
1890.  In  1910  there  was  594,680  acres,  or  about  80  per  cent  of  the 
land  area,  in  farms,  and  about  69  per  cent  of  the  land  in  farms  ^a& 
improved. 

The  average  value  of  land  in  farms  advanced  from  $5.40  to  $33.4^ 
per  acre  in  the  decade  from  1900  to  1910.  During  this  decade  the 
value  of  farm  buildings  advanced  from  94  cents  to  $8.06  per  acre 
of  land  in  farms,  the  investment  in  farm  machinery  from  45  cents  to 
$1.66  per  acre,  and  the  investment  in  live  stock  from  $2.07  to  $3.86 
per  acre. 

While  there  has  been  a  great  increase  in  the  land  area  in  farms 
during  the  20-year  period  from  1890  to  1910,  the  number  of  farms 
has  not  shown  a  marked  increase.  In  1890  there  were  997  farms  in 
the  coujity,  and  the  average  size  was  339  acres.  In  1900  the  number 
had  decreased  to  938  and  the  average  size  had  increased  to  504  acres- 
In  1910  there  were  1,089  farms,  the  average  size  being  546  acres.  Of 
this  number  792  were  operated  by  owners.  These  792  farms  consti- 
tuted 78  per  cent  of  the  land  in  farms  and  averaged  610  acres  per 
farm.  Seventy-eight  per  cent  of  the  land  in  farms  was  improved. 
This  is  9  per  cent  more  than  the  average  for  the  country.  Tbe 
greater  part  of  the  land  not  operated  by  owners  is  leased  under  the 
cihare-tenant  system. 

Wheat  has  always  been  the  principal  crop  grown  in  Dickey  County, 
although  there  has  been  a  gradual  decrease  in  the  percentage  of  im- 
proved land  in  farms  that  has  been  seeded  to  this  crop.  In  1890  the 
wheat  acreage  was  52  per  cent  of  the  improved  land  in  farms,  while 
in  1900  it  was  but  41  per  cent  and  in  1910  it  was  38  per  cent  Oats 
have  been  grown  primarily  for  horse  feed,  and  the  relative  acreage 
has  not  changed  materially.    Barley  supplemented  wheat  as  a  sale 
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crop  to  some  extent  qd  some  farms,  as  ie  shown  by  the  fact  that  the 
percentage  of  the  improved  land  in  farms  devoted  to  this  crop  in- 
creased 7  per  cent  during  the  decade,  from  1900  to  1910.  While 
barley  has  taken  the  place  of  wheat  to  some  extent  on  old  land,  flax 
has  supplanted  it  to  a  considerable  extent  on  newly  broken  prairie 
sod.  The  percentage  of  the  improved  land  devoted  to  flax  increased 
approximately  5  per  cent  during  the  20-year  period  from  1890  to 
1910.  This  increase  was  no  doubt  due  to  the  breaking  of  new  prairie 
sod,  because  flax  is  usually  grown  when  the  sod  is  broken  up.  Flax 
is  not  very  generally  grown  on  land  that  has  been  under  cultivation 
for  any  length  of  time. 

Iq  1899  there  were  52,384  acres  of  wild  hay  cut  in  the  county,  and 
in  1909  there  were  58,212  acres.  Prior  to  the  time  the  land  was  put 
under  cultivation  it  was  used  for  ranching,  and  considerable  wild 
bay  was  cut  for  feeding  the  live  stock  during  the  winter.  The  census 
figures  show  that  only  125  acres  were  devoted  to  the  production  of 
forage  crops  in  1900,  but  in  1910  there  were  3,327  acres  of  tame  and 
cultivated  grasses.    Most  of  this  was  timothy  and  millet. 

Bye  and  broom-corn  millet  are  grown  to  some  extent  in  the  county, 
and  potatoes  and  other  vegetables  are  grown  for  Jiome  use. 

The  census  figures  show  that  there  were  8,170  plum  trees  in  the 
county  in  1909.  Some  strawberries,  raspberries,  currants,  and  goose- 
berries are  also  grown. 

Before  the  land  was  brought  under  cultivation  considerable  live 
stock  was  grazed  in  the  county  under  the  ranching  system.  The 
cultivation  of  the  land  broke  up  the  ranches,  and  much  of  the  live 
stock  was  sold.  Many  of  the  farmers  are  beginning  to  stock  their 
farms,  so  that  eventually  there  will  be  considerable  live  stock  raised 
in  the  county.  The  changes  that  have  taken  place  in  the  live-stock 
industry  are  illustrated  in  the  following  table : 

Number  of  acres  in  farms  for  each  head  of  live  stock,  1890-1910, 
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The  ratio  of  horses  to  land  in  farms  has  steadily  increased  during 
the  20-year  period.  This  is  probably  due  to  the  fact  that  a  greater 
proportion  of  the  horses  are  now  used  on  the  farms  and  fewer  on 
ranches,  where  they  were  formerly  used  as  saddle  horses.    The  ratio 
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between  milch  cows  and  the  land  in  farms  has  not  changed,  showing 
that  during  this  period  the  dairy  products  were  largely  consumed  on 
the  farms.  The  ratio  of  other  cattle  has  undergone  some  marked 
changes.  There  were  over  twice  as  many  acres  of  land  in  farms 
per  head  in  1890  as  in  1900.  Probably  most  of  the  cattle  were 
on  ranches  which  were  not  included  in  the  land  in  farms,  so  that 
this  would  not  necessarily  represent  an  increase  in  the  number 
of  cattle  on  the  farms.  This  is  borne  out  by  the  fact  that  there 
were  only  one-half  as  many  acres  of  land  in  farms  for  each  head 
in  1900  as  in  1910,  while  there  was  an  increase  in  the  acreage  under 
cultivation.  The  same  conditions  apply  to  sheep,  except  that  the 
differences  were  more  marked,  showing  that  the  sheep  sold  from  the 
ranches  have  not  been  replaced  as  generally  as  has  been  the  case 
with  cattle.  The  number  of  acres  in  farms  for  each  hog  did  not 
change  materially  during  the  first  decade,  but  there  was  a  de- 
crease of  55  acres  per  hog  from  1900  to  1910.  Hog  raising  is  be- 
coming more  general  and  some  of  the  com  grown  is  hogged  off  in 
the  fall.  Beef  cattle  are  raised  on  some  of  the  farms  in  the  county. 
They  consume  much  of  the  roughage  that  would  otherwise  be  un- 
marketable, and  where  they  have  access  to  straw  stacks  they  convert 
large  amounts  of  straw  into  manure  so  that  it  can  be  returned  to  the 
soil  to  build  up  the  organic  content. 

The  agriculture  of  the  region  is  still  comparatively  new,  and  little 
attention  has  been  given  to  the  adaptation  of  crops  to  soils.  The 
same  crops  have  been  grown  on  all  types.  The  problem  of  checking 
the  drifting  of  certain  soil  types  by  the  wind  has  led  some  farmers 
to  grow  crops  that  make  it  possible  to  utilize  these  soils  to  better 
advantage.  The  necessity  of  ridding  wheat  land  of  weeds  has  also 
caused  some  diversification  of  crops.  While  some  of  the  land  has 
been  cultivated  about  30  years,  there  is  much  of  it  that  has  been  under 
cultivation  a  much  shorter  time.  Although  the  live-stock  industry 
has  undergone  some  changes,  this  has  not  been  due  to  change  in  the 
method  of  farming,  but  rather  to  a  change  from  ranching  to  fann- 
ing. Small  grains  have  been  grown  almost  exclusively  until  the  last 
few  years.  Much  of  the  land  has  become  infested  with  wild  oats  and 
some  other  weeds  under  this  system.  The  acreage  of  corn  has  io- 
creased  quite  rapidly  and  quite  a  number  of  farmers  are  planting 
large  acreages.  Good  yields  are  obtained  and  the  crop  is  proving 
to  be  one  of  the  most  profitable  in  the  county.  Many  farmers  are 
growing  alfalfa  in  a  small  way,  and  it  is  one  of  the  most  promising 
hay  crops.    Considerable  broom-corn  millet  is  grown  for  seed. 

YABnCTIES   or  GBAIN. 

Variety  trials  at  Edgeley,  in  Lamoure  County,  during  an  11-year 
period  show  that  the  durum  wheats  yielded  from  three  to  five  bu^elfl 
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more  than  the  Fife  or  Blue-stem  varieties.  Velvet  Chaff  or  bearded 
spring  wheats  have  not  yielded  quite  as  much  as  the  Fifes  and  Blue- 
stems,  and  Ghirka  spring  wheat  has  produced  about  the  same  yield 
as  these  varieties. 

The  early  oats,  such  as  the  Sixty  Day  and  Kherson,  yield  more  In  dry  years 
tnan  the  medium  and  late  ripening  strains.  The  late  oats,  for  example  the 
White  Russian,  are  more  rust  resistant  than  early  or  medium  maturing  strains. 
The  medium-maturing  varieties,  such  as  the  Siberian  White,  outrank  the  other 
sorts  in  point  of  yield,  for  an  average  during  a  term  of  years.  The  Kherson 
and  Sixty  Day  oats  yielded  from  20  to  25  bushels  per  acre  in  the  dry  season  of 
1910  and  1911,  where  most  of  the  other  sorts  were  a  failure.  From  the  data 
accumulated,  It  would  seem  advisable  for  the  farmers  to  sow  about  half  their 
acreage  Intended  for«oats  to  one  of  the  early  strains  and  the  balance  to  a 
medium-ripening  sort  On  an  average  the  early  oats  ripen  about  15  days  before 
the  other  varieties  are  ready  to  harvest.  As  very  hot,  dry  weather  usually 
occurs  after  the  middle  of  July,  which  is  the  ripening  period  of  the  early 
varieties,  very  little  damage  is  done  by  drought.  ^ 

The  6-rowed  barleys  have  yielded  slightly  more  than  the  12-rowed 
varieties. 

The  suitability  of  a  variety  of  com  ^  for  the  county  depends 
largely  upon  the  region  in  which  the  seed  has  been  produced. 
Kustler  White  Dent  and  Minnesota  No.  13  Yellow  Dent  can  be 
grown  quite  successfully  in  the  region,  if  seed  from  a  strain  that 
has  been  growing  in  the  region  for  several  years  is  planted.  Early 
strains  of  these  varieties  have  been  produced  by  growers  in  this  and 
adjoining  counties  who  have  been  selecting  for  earliness  for  several 
years.  The  growing  season  for  com  is  too  short  for  strains  of  these 
varieties  grown  in  the  States  farther  south.  Mercer  Flint  grown 
from  northern-grown  seed  makes  a  good  silage  com.  Early  selected 
improved  strains  of  Northwestern  Dent  are  well  suited  to  the  region. 
Grehu  Flint  and  Dakota  White  Flint  can  be  grown  successfully  and 
are  well  suited  to  hogging  off. 

mXAGK  METHODS. 

Experiments  have  been  in  progress  for  several  years  at  the  Edgeley 
substation  to  determine  the  best  methods  of  seed-bed  preparation. 
Though  these  results  apply  more  particularly  to  the  management  of 
the  Edgeley  loam  they  have  a  general  bearing  on  tillage  practices 
of  many  of  the  soils  of  the  county.  The  results  also  indicate  the 
benefits  of  tillage  practices  in  general,  as  compared  with  other  phases 
of  soil  management. 

Experiments  have  been  in  progress  since  1909  to  determine  the 
effects  of  different  times  of  plowing  on  the  yield  of  wheat  in  a 
system  of  continuous  cropping.  The  average  yield  has  been  slightly 
higher  on  spring-plowed  than  on  fall-plowed  land.    Early-fall  plow- 

1 N.  D.  Agr.  Bxpt.  Sta.,  Tenth  Annual  Report  of  Bdgeley  Snbatatloii,  ^  dO» 
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ing  (about  Sept  1)  is  best  Under  farm  eonditiona  early-ftll 
plowing  would  probably  prove  more  profitable  than  spring  plowing, 
because  when  a  considerable  acreage  of  grain  is  seeded  some  of  it 
must  necessarily  be  seeded  rather  late,  if  the  sowing  is  delayed  by 
plowing  in  the  spring.  The  decrease  in  the  yield  due  to  this  later 
seeding  would  usually  be  enough  to  offset  any  better  soil  conditions 
that  might  be  brought  about  by  spring  plowing.  If  the  acreage 
devoted  to  grain  is  not  too  great  it  would  probably  be  better  to  plow 
in  the  spring  than  late  in  the  fall. 

During  this  same  period  an  investigation  has  been  made  to  deter- 
mine the  relative  yields  on  land  plowed  6  inches  deep  and  land 
plowed  8  inches  deep.  This  work  has  been  done  on  b^h  fall  and 
spring  plowed  land.  The  yield  on  fall-plowed  land  has  been  prac- 
tically the  same  for  both  depths,  while  the  difference  in  the  spring 
has  been  within  the  limits  of  experimental  error.  These  results  show 
that  there  is  little  advantage  in  plowing  over  5  or  6  inches  deep  in  a 
system  of  continuous  grain  growing  under  the  soil  and  climatic  condi- 
tions  of  the  region. 

Plowing  has  a  loosening  effect  on  the  soil,  and  on  some  of  the 
coarser  textured  soils  that  are  naturally  loose  in  structure  it  is  pos- 
sible that  deep  and  frequent  plowing  makes  them  too  loose  for  the 
best  growth  of  crops.  This  is  borne  out  by  results  of  an  experiment, 
in  which  the  land  was  cropped  continuously  to  wheat  as  in  the  fore- 
going plowing  experiments.  One  set  of  plots  was  plowed  in  the  faU 
and  seeded  the  following  spring.  No  tillage  was  given  in  the  fall 
after  harvest,  but  the  following  spring  the  stubble  was  disked  and 
seeded  to  wheat.  On  the  other  set  of  plots  the  ground  was  plowed 
for  wheat  in  the  spring  and  seeded.  The  stubble  was  disked  that  fall 
and  seeded  the  following  spring.  In  this  way  the  land  was  plowed 
but  once  in  two  years. 

As  an  average  for  the  two  systems  of  treatment,  the  yields  were 
1.55  bushels  per  acre  higher  in  years  in  which  the  land  was  plowed, 
but  the  only  treatment  that  produced  a  greater  average  yield  when 
the  land  was  plowed  every  year  was  the  spring  plowing,  and  this 
yielded  only  about  one  bushel  more.  While  a  system  of  alternate 
plowing  and  disking  of  this  kind  might  not  be  advisable  as  a  perma- 
nent system,  because  of  the  fact  that  continuous  cropping  to  grain 
is  becoming  impractical,  the  data  show  that  a  cropping  system  de- 
vised so  that  plowing  will  not  need  to  be  done  every  year  would  result 
in  better  yields.  In  a  region  of  relatively  low  rainfall  the  soil  settles 
slowly  and  when  stirred  deep  too  frequently  the  best  conditions  for 
the  movement  of  soil  moisture  and  the  growth  of  crop  roots  do  not 
exist  The  cultivation  of  com  grown  in  the  rotation  packs  the  soil 
and  produces  a  soil  structure  that,  while  loose  enough  to  favor  bi^ 
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terial  activities,  is  uniform  and  compact  enough  to  permit  the  move- 
ment of  soil  moisture  and  plant  food  for  crop  nourishment. 

In  order  to  overcome  the  loosening  effect  of  deep  and  frequent 
plowing  in  the  subhumid  region  it  has  been  suggested  that  the  soil 
be  packed  after  plowing.  In  order  to  determine  the  effectiveness  of 
subsurface  packing  an  experiment  was  conducted  in  which  8-inch 
fall  and  spring  plowing  was  packed.  A  comparison  of  the  yields  of 
these  plots  with  plots  similarly  treated  but  not  packed  showed  that 
packing  was  ineffective  in  bringing  about  a  soil  structure  that  is 
favorable  for  the  growth  of  wheat.  A  more  compact  structure  is 
needed,  but  the  packer  does  not  seem  to  compact  the  soil  uniformly 
and  thoroughly  enough  to  improve  its  condition  for  the  growth  of 
wheat  in  a  system  of  continuous  cropping. 

During  the  4-year  period,  1912-1915,  subsoiling  experiments  have 
been  in  progress  at  the  Edgeley  substation.  Hard  wheat,  durum 
wheat,  barley,  oats,  and  com  have  been  grown  in  these  trials. 

The  land  was  subsoiled  to  a  depth  of  7  inches  below  the  6-inch 
plowing,  thereby  stirring  the  soil  to  a  depth  of  18  inches.  The  sub- 
soiling  and  packing  have  been  done  but  once  during  the  4-year  period, 
for  the  1912  crop,  except  where  barley  was  grown,  which  was  sub- 
soiled  and  packed  in  1913.  All  plots  have  been  plowed  6  inches  deep 
each  year.  There  has  been  no  appreciable  increase  in  yield  due  to 
the  subsoiling  or  packing  for  hard  wheat  or  durum,  except  in  1912, 
when  there  was  an  increase  of  4  bushels.  This  was  offset  by  the 
lower  yields  in  the  subsoiled  plot  in  1913  and  1915,  so  that  the 
o|:)eration  would  not  be  profitable. 

The  three  years'  work  with  barley  shows  a  slight  decrease  for  sub- 
soiling,  both  when  packed  and  when  not  packed.  The  subsoiling 
produced  a  slight  increase  in  the  yield  of  oats  and  corn  as  an  average 
for  the  4-year  period,  but  packing  reduced  the  yield  below  that  of  the 
6-inch  plowing  in  case  of  both  crops.  The  value  of  the  increased 
yield  of  oats  on  the  subsoiled  plots  in  1912,  less  the  decrease  in  the 
three  succeeding  years,  was  $2.84  per  acre  and  that  of  the  com 
fodder  $2.06,  when  oats  are  figured  at  the  average  farm  price  for  the 
10-year  period  1905-1914  and  com  fodder  at  two-thirds  the  average 
price  of  hay  during  this  period. 

During  a  period  of  nine  years  at  Edgeley  12  plots  of  com  ground 
have  been  disked  for  wheat  and  8  have  been  plowed.  As  a,n  average 
of  all  these  for  the  entire  period  the  wheat  on  the  plowed  plots  has 
yielded  but  one-tenth  bushel  per  acre  more  than  that  on  the  disked 
plots.  Oats  on  com  ground  plowed  yielded  the  same  as  on  disked 
com  grotmd.^ 

1 N.  D.  Agr  Bzpt.  8U.  Bnl.  110,  fp.  188,  IM,  199. 
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In  comparing  the  yields  of  crops  on  land  that  grows  a  crop  everj 
year  with  those  on  land  that  is  fallowed  and  tilled  during  the  sum- 
mer to  keep  down  weeds,  it  is  found  that  the  summer-tilled  land  pro- 
duced an  average  yield  of  1.6  bushels  per  acre,  or  about  12  per  cent, 
more  wheat  than  land  cropped  continuously  during  a  Q-year 
period  of  investigation.  Oats  yielded  15.7  bushels  per  acre,  or  58 
per  cent  more,  and  barley  8  bushels  per  acre,  or  17  per  cent,  more, 
on  summer-tilled  land.  The  yield  of  cpm  was  slightly  lower  on  sum- 
mer fallow  than  on  land  that  grew  com  every  year. 

The  results  of  the  foregoing  experiments  show  that  under  these 
conditions  the  yield  of  small  grain  can  not  be  materially  increased 
by  plowing  deeper  than  6  or  6  inches,  by  subsoiling  or  by  packing 
in  a  system  of  continuous  cropping.  They  further  indicate  that 
when  land  is  plowed  every  year  the  soil  is  loosened  too  niuch,  espe- 
cially in  the  case  of  the  coarse-textured  soils  under  the  climatic  con- 
ditions of  the  region.  This  loosening  can  not  be  corrected  by  the  use 
of  the  packer  enough  to  make  subsurface  packing  profitable  on  the 
Edgeley  loam.  When  the  packer  is  used  the  structure  of  the  soil 
is  not  as  uniformly  compact  as  when  it  is  allowed  to  settle  for  more 
than  one  year.  The  cultivation  of  com  works  the  soil  into  a  uni- 
formly compact  structure  gradually  and  at  the  same  time  eliminates 
weeds  and  leaves  the  soil  in  good  physical  condition  for  small  grain, 
so  that  plowing  is  unnecessary  for  the  succeeding  crop  of  small 
grain.  Two  crops  can  be  grown  with  one  plowing  in  this  way  and 
the  soil  will  be  in  good  tilth  for  both.  For  most  farm  conditions 
early-fall  plowing  of  grain  stubble  would  prove  best  for  growing 
a  second  crop  of  small  grain.  Small  grain  grown  on  spring  plowing 
will  yield  better  than  on  late-fall  plowing,  provided  the  grain  can 
be  seeded  equally  early  in  the  spring. 

The  practice  of  sunmier  tillage  or  the  clean  culture  of  bare  fallow 
every  other  year  has  not  been  found  profitable.  It  may  be  advisable 
to  give  the  land  summer  tillage  once  in  4  or  5  years  as  a  means  of 
cleaning  the  land  of  weeds,  but  the  growing  of  com  or  potatoes  in  a 
rotation  would  prove  more  profitable. 

The  tillage  methods  that  should  be  followed  vary  somewhat  with 
the  soil  type.  The  purpose  of  tillage  practices  on  all  soil  types  is  to 
eliminate  weeds,  to  improve  soil  structure,  to  facilitate  the  absorp- 
tion of  the  rainfall  by  the  soil  and  the  movement  of  the  moisture  in 
the  soil,  so  that  crops  are  supplied  with  food  at  critical  stages  in 
their  growth,  and  to  promote  the  action  of  soil  bacteria.  These 
effects  are  produced  in  different  soils  by  different  systems  of  soil 
management.  A  clay  soil  has  a  tendency  to  become  refractory  and 
offers  considerable  resistance  to  the  growth  of  crop  roots  unless  it 
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18  worked  into  a  granular  condition.  This  is  accomplished  by  plow- 
ing, disking,  and  harrowing  when  the  soil  contains  the  proper  amount 
of  moisture.  Obviously,  different  systems  of  tillage  should  be  fol- 
lowed in  the  management  of  a  sandy  soil,  where  the  principal  object 
of  tillage,  from  the  standpoint  of  modification  of  soil  structure,  is  to 
incorporate  organic  matter  and  produce  a  uniformly  compact  struc- 
ture, so  that  as  much  moisture  as  possible  will  be  retained. 

CHOP  ROTATION. 

While  proper  tillage  is  important  from  the  standpoint  of  economy 
in  the  production  of  a  maximum  crop,  the  best  results  can  not  be 
obtained  unless  crops  are  grown  in  a  rotation. 

During  a  period  of  eight  years  the  yields  of  wheat  at  Edgeley 
have  been  practically  the  same  on  com  ground  as  on  summer  tillage, 
the  yields  of  barley  have  been  8.4  bushels  less  on  summer  tillage,  and 
the  yields  of  oats  have  been  5.2  more  on  summer  tillage  than  on  com 
ground.^  The  average  value  of  the  corn  fodder  produced  during 
that  period,  calculated  from  the  average  yield  of  22  plots  at  two- 
thirds  of  the  average  price  of  hay  for  the  10-year  period  1905-1914, 
was  $7.10  per  acre. 

The  best  yields  of  small  grain  have  been  obtained  on  corn  ground. 
The  growing  of  com  in  the  rotation  has  increased  the  yield  of  suc- 
ceeding crops  of  barley  and  wheat  more  than  it  has  the  yield  of  oat^ 
On  account  of  its  higher  price  wheat  will  usually,  produce  a  more 
profitable  increase  than  barley.  For  this  reason  wheat  should  usually 
take  precedence  over  barley  on  corn  ground.  If  the  price  of  barley 
should  be  the  same  as  that  of  wheat  or  even  slightly  lower,  the  former 
crop  would  be  preferable  because  the  increase  in  the  yield  of  barley 
due  to  placing  com  in  the  rotation  was  87  per  cent  of  the  crop  grown 
in  a  system  of  continuous  cropping,  while  the  increase  for  wheat  was 
but  33  per  cent.  Either  wheat  or  barley  can  be  grown  to  better 
advantage  than  oats  on  corn  ground  because  of  the  fact  that  the  in- 
crease in  the  yield  of  oats  due  to  the  placing  of  com  in  the  rotation 
was  but  22  per  cent  of  the  yield  where  oats  were  grown  continuously. 
The  yield  of  oats  following  wheat  and  barley  was  almost  equal  to 
that  on  com  ground.  Results  at  some  of  the  other  substations  indi- 
cate that  the  increase  in  oat  yields  following  com  grown  on  some  soil 
types  is  greater  than  the  increase  obtained  at  Edgeley.  All  fis:ures 
dxoWy  however,  that  oats  do  better  following  a  small  grain  than 
doeH  either  wheat  or  barley. 

The  yields  of  small  grains  immediately  following  alfalfa  and 
brome  grass  have  been  less  than  on  land  that  had  grown  small  srrnin 
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the  preceding  year.  Com  and  flax  are  usually  better  crops  this 
^'heat,  oats  or  barley  to  be  grown  on  sod.  Brome  grass  and  alf  alb 
take  large  amounts  of  water  from  the  soil  and  unless  there  is  con- 
siderable rainfall  during  the  growing  season  succeeding  crops  fre- 
quently suffer  from  drought. 

On  the  Fargo  clay  of  the  experiment  station  farm  at  Fargo  the 
growing  of  timothy  in  the  rotation  has  increased  the  yield  of  wheat 
35  per  cent.  There  was  practically  no  increase  the  first  year  after 
timothy,  but  in  later  years  there  was  a  marked  increase. 

Sweet  clover  seems  to  be  the  most  promising  legume  crop  for  the 
rotation  in  this  region.  Alfalfa  can  be  worked  into  the  rotation 
gradually.  Land  on  which  alfalfa  has  been  grown  for  several  years 
can  be  broken  up  and  put  in  the  rotation,  and  one  of  the  fields  thi^t 
has  been  in  the  regular  cropping  system  seeded  to  alfalfa.  In  this 
way  alfalfa  will  have  been  grown  on  all  the  fields  of  the  farm  in  the 
course  of  several  years.  While  it  will  take  a  long  time  to  get  the 
beneficial  effects  of  alfalfa  on  all  parts  of  the  farm,  the  manure  pro- 
duced when  the  alfalfa  is  fed  can  be  applied  to  other  fields  so  thai 
the  organic  content  of  the  entire  farm  may  be  maintained. 

Weeds  cause  a  considerable  decrease  in  the  yield  of  crops  grown 
in  the  county  and  if  they  are  to  be  controlled  some  cultivated  crop 
like  com  or  potatoes  must  be  grown.  Seeding  the  land  to  grass  or 
alfalfa  will  also  help  to  eliminate  many  weeds.  The  greater  economy 
of  moisture  and  plant  food  when  cultivated  crops  are  grown  system- 
atically in  the  rotation  will  result  in  an  additional  increase  in  yield. 

As  an  average  of  six  years'  results  at  Edgeley  the  applicatioii  ot 
nine  loads  of  manure  per  «cre  to  the  fallow  in  a  4-year  cropping  ^ya- 
tem,  consisting  of  fallow  one  year,  wheat  one  year,  com  one  year,  and 
oats  one  year,  resulted  in  an  increase  of  3.6  bushels  in  the  yield  of 
wheat,  760  pounds  of  com  fodder,  and  5.9  bushels  of  oats.  In  a  rota- 
tion of  fallow  one  year,  oats  one  year,  com  one  year,  and  \ffhetLt  one 
year  the  increase  was  3.4  bushels  of  oats,  720  pounds  of  com  fodder, 
and  0.3  bushel  of  wheat,  showing  that  greater  returns  are  obtained 
from  both  wheat  and  oats  when  the  former  is  growii  the  year  fol- 
lowing manuring.^  / 

In  a  4-year  rotation  arranged  in  the  following  order :  Green-manure 
crop  plowed  under  one  year,  small  grain  one  year,  com  one  year, 
and  small  grain  one  year,  no  beneficial  effects  have  been  obtained 
from  green  manure  in  eight  years^  experiment  at  Edgeley.  Rye. 
peas,  and  sweet  clover  were  used  as  green-manure  crops.*  Probably 
better  results  would  have  been  obtained  had  com  followed  the  greeo- 
manure  crop.  The  cultivation  of  the  com  crop  would  improve  the 
structure  of  the  soil  for  the  production  of  small  grain  and  facilitate 

^N.  D.  Agr.  Bzpt.  Sta.  Bui.  110,  pp.  188,  189. 
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decay.  All  things  considered,  it  would  not  pay  to  give  up  the  land 
one  year  for  green  manuring  under  present  conditions.  Large 
amounts  of  organic  matter  can  be  added  to  the  soil  in  this  way  and 
eventually  returns  could  be  expected,  but  a  smaller  amount  of  or- 
ganic matter  can  be  added  if  a  crop  like  sweet  clover  is  grown  in 
the  rotation,  the  first  crop  being  cut  for  hay.  The  second  growth  can 
be  plowed  under,  but  considerable  organic  matter  is  added  even  if 
this  is  cut.  Small  amounts  of  organic  matter  added  in  this  way  do 
not  involve  the  loss  of  the  use  of  the  land,  and  the  immediate  results 
are  sometimes  better  than  if  large  amounts  are  plowed  under. 

SOULS. 

The  soils  of  the  county  are  derived  from  glacial  drift,  either 
weathered  in  the  position  in  which  it  was  left  by  the  ice  or  trans- 
ported and  redeposited  in  glacial  lakes  as  terraces  along  glacial 
breams,  or  as  recent  alluvium.  The  drift  of  this  region  was  depos- 
ited by  the  Dakota  lobe  of  the  great  continental  ice  sheet  during  the 
Wisconsin  stage  of  ice  invasion,  and  ranges  from  a  thin  veneer  to 
beds  80  or  90  feet  in  thickness.  The  composition  of  the  material 
varies  widely,  the  drift  being  made  up  of  granite,  limestone,  shale, 
and  sandstone  of  many  formations  and  in  various  stages  of  attrition. 

The  upland  drift  has  not  been  greatly  modified  by  erosion,  and 
the  variations  in  the  soil  are  due  to  differences  in  the  original  material 
CHT  to  weathering  and  the  accumulation  of  organic  matter.  In  the 
redeposited  soils  of  the  level  lake  beds  and  terraces,  owing  to  the 
heavier  growth  of  vegetation,  larger  quantities  of  organic  matter 
have  accumulated,  so  that  the  color  of  the  material  is  relatively  dark. 

The  soils  of  the  glacial  drift  are  classed  with  three  soil  series, 
the  Barnes,  Williams,  and  Edgeley.  The  Barnes  series  is  character- 
ized by  dark-brown  to  black  surface  soils  and  light-brown  to  yel- 
lowish-brown, greenish-brown  or  grajrish-brown,  highly  calcareous 
subsoils.  The  topography  is  level  to  rolling,  and  the  greater  part  of 
the  series  constitutes  good  farming  land.  The  Williams  series  is 
mapped  on  the  Missouri  Plateau,  and  is  distinguished  from  the 
Barnes  series  by  its  slightly  thinner  black  soil  layer  and  by  lighter 
€H>lored  subsoils.  In  plowed  fields  the  soil  color  is  often  browner  than 
that  of  the  Barnes.  The  soil  is  productive,  but  the  topography  is 
often  unfavorable  for  cultivation.  The  Edgeley  series  resembles 
the  Barnes  in  color,  but  is  underlain  by  a  dark-colored  shale  rock 
within  5  feet  of  the  surface,  and  contains  considerable  quantities  of 
fragmental  shale.    This  soil  is  comparatively  unproductive. 

The  glacial-lake  and  river-terrace  soils  are  classed  with  six  soil 
series,  the  Sioux,  Fargo,  Bogers,  Maple,  Bearden,  and  Valentine. 
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The  Sioux  series  has  dark-brown  to  black  soils  and  light-brown  or 
yellowMsh-brown,  calcareous  subsoils,  and  is  droughty  because  of  s 
porous  gravel  substratum  within  a  few  feet  of  the  surface.  The 
Fargo  series  has  a  dark-brown  to  black  soil  and  a  gray  to  mottled 
gray  and  yellow,  calcareous  subsoil.  The  drainage  is  poor.  The 
Rogers  series  is  poorly  drained  and  has  a  dark-colored  soil  with  a 
light-gray  or  drnb,  calcareous  subsoil,  though  there  are  large  areas 
in  which  the  soil  is  lighter  colored,  owing  to  the  presence  of  alkali. 
This  series  usually  is  closely  associated  with  the  Edgeley,  and  is  im- 
pi-oductive.  The  Maple  series  has  a  dark-gray  or  bluish-gray  soil 
and  a  bluish-gray  or  gray,  calcareous  subsoil.  It  is  underlain  by 
gravel,  but  is  poorly  drained,  occurring  in  depressions  or  old  drain- 
age channels.  The  Bearden  series  is  mapped  on  high  terraces  along 
the  James  River  Valley.  The  soils  are  dark  brown  to  black  and  the 
subsoils  yellowish  brown  and  calcareous.  The  series  is  not  droughty, 
and  the  material  has  a  close,  uniform  structure  something  like  loess. 
%Miere  sand  has  been  reworked  and  heaped  up  by  wind  action  the  re- 
sulting soils  are  very  loose,  incoherent,  and  droughty,  and  are  classed 
with  the  Valentine  series. 

The  first  bottoms  along  the  streams  in  Dickey  County  are  seldom 
overflowed,  because  of  the  small  volume  of  water  in  the  drainage 
ways.  The  bottoms  are  classed  with  the  Lamoure  series.  The  sur- 
face soils  are  black  to  dark  brown,  with  dark-colored,  heavy,  cal- 
careous subsoils. 

Areas  which  are  too  rough  or  rocky  for  agricultural  use  are 
mapped  as  Rough  broken  land. 

IA$t  of  «eHe«,  $howin0  origin  mud  disiinffuishing  charaoterUtiet. 


Onap. 


GlAdal. 


Do 

Do 

Rlrer  fUwd  plains 

Glacial  lake  and  river 
terrace. 

Do 


Do. 


Do. 


Do. 


Qiadal. 


Original  material. 


Unmodified  drill. 


....do 

....do 

Recent  alluviam. 
Old  alluvium.... 


.do. 


.do. 


.do. 


.do. 


EoUan  depositB. 


Dlstincolaiiing  iBatares. 


YeUowish-broini  sabeoil;  1,300  to  1,700  feet 

altitude. 
Llf  ht-gray  subsoil;  1,700  to  2,200  feet  altitude. . 
The  drill  underiain  by  and  mixed  with  shale. . 

Heavy,  dark  subsoil;  large,  flat  bottoms 

Well  drained;  gravel  substratum  droughty . . . . 

Well<drained,  sflty,  hlgn  river  tenaos^  not 
droughty. 

Pooriy  drained;  black  sofl;  gray  mottled  sub- 
soil. 

Pooriy  drained,  dark-brown  or  drab  soil;  diab 
subsoQ,  underlain  by  gravel. 

Poorly  drained;  gray  or  mottled  subsofl:  alkali: 
not  deep  to  shale. 

Sand  reworked  and  heaped  by  wind  action; 
loose,  droughty. 


8eri« 


WDIfanis. 
Edgeley. 
Lamoors. 
Sioux. 


Faigo. 
Ifapla. 
Rogers. 
Valentin*. 
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The  following  table  gives  the  name  and  the  actual  and  relative 
extent  of  each  soil  type  mapped  in  Dickey  County : 


Areas  of  different  90iU. 


SaU. 


Bams  loam 

Bamas  silt  loam 

WiUiuis  Ana  aandy  loam 

Bearden  flue  sand 

Williams  loam 

FaiSDsfltydaj 

Banifli  irvy  floe  sandy  loam.. 

Vakntlna  flna  sandy  locun 

Bamnsflty  clay  loam 

Roofb  broken  land 

Siouzloam 

CoUuvial  pbass 

Edfelcy  loam 

Ro^BHsilty  clay 

Sioax  gravelly  loam 

CoUurial  phase 

BaUingplmse 


Acres. 


330,400 

137,664 

M,000 

38.416 

82.448 

82.000 

20,34ft 

»,368 

23.552 

22.336 

12,224 

4,002 

16,000 

10.048 

1,084 

6,504 

640 


Per  cent 


. 


1 


81.5 
18.8 
7.7 
5.0 
4.4 
4.4 
4.0 
8.6 
8.2 
8.1 

2.4 

2.2 

1.4 

tl 


8311. 


Lamours  sflty  day  loam 

Laraourselay 

Bearden  fine  sandy  loam. . . .. 

ICaple  clay  loam 

Bearden  very  fine  sandy  loam . 
Lamoora  silt  loam............ 

LAmoure  sflty  clay 

Bearden  loamy  flne  sand 

Lamoure  very  fine  sandy  loam 

Sioux  sOt  loam..... 

Sioux  sandy  loam. 

Colluvial  phase 

Valentine  One  sand 

Bearden  silt  loam 

Sioux  flne  sandy  loam 

Total 


Acres. 


7,036 
7,806 
4,480 
4,852 
8,068 
8,004 
3,840 
8,712 
3,530 
8,008 
1,406 

832 
2,176 
1,472 

640 


730,880 


Percent. 


1 


L 
L 


LAUOUSS  VSBT  FINK  8ANDT  lOAU, 


The  soil  of  the  Lamoure  very  fine  sandy  loam  is  about  16  inches 
deep,  and  consists  of  a  dark-brown  very  fine  sandy  loam  to  fine- 
textured  loam  which  is  loose,  smooth,  and  friable.  The  subsoil  is  a 
grayish-brown,  friable,  calcareous  very  fine  sandy  loam,  grading  into 
a  slightly  heavier,  fine-textured  loam,  faintly  mottled  with  gray. 
Still  heavier  strata  occur  at  greater  depths. 

This  type  occurs  mainly  in  the  first  bottoms  of  Maple  River,  which 
arc  overflowed  about  once  in  five  years.  One  area  lies  along  Bear- 
den Creek,  and  a  smaller  one  at  the  mouth  of  Cottonwood  Creek.  In 
many  places  the  bottoms  are  hardly  broad  enough  to  be  cultivated, 
and  are  used  for  pasture  or  hay  land.  Where  farmed,  the  crops 
common  to  the  region,  wheat,  com,  barley,  and  oats,  are  grown. 
WTieat  yields  about  16  bushels  and  com  30  to  35  bushels  per  acre. 
The  soil  is  well  suited  to  com,  as  it  is  deep  and  mellow.  This  type 
is  usually  sold  with  other  soils,  and  its  value  is  lowered  somewhat  by 
the  irregular  shape  of  the  areas.    It  is  held  at  about  $35  an  acre. 


LAMOUSB    SILT   LOAK. 


The  Lamoure  silt  loam  is  t3rpically  a  dark-brown  or  grayish-brown, 
friable  silt  loam.  Below  a  depth  of  14  inches  it  gradually  becomes 
more  compact  and  slightly  heavier  in  texture,  and  grades  into  a  dark 
jrrayish  brown  silty  clay  loam  or  silty  clay,  slightly  mottled  with 
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grajidi  white  at  about  30  inches.  The  subsoil  is  highly  calcareous. 
This  is  the  lightest  colored  soil  in  the  Lamoure  series,  and  is  some- 
times light  grayish  brown  at  the  surface.  In  places,  especially  along 
the  Maple  River  east  of  EUendale,  it  approaches  a  very  fine  sandy 
loam  in  texture.  Along  the  James  Biver  it  occupies  the  slight  natu- 
ral levees  which  often  occur  on  the  outside  of  large  bends.  This  is 
an  easy  soil  to  cultivate,  except  that  the  fields  are  irregular  in  shape 
because  of  the  meanders  of  the  streams.  It  is  naturally  well  drained, 
but  is  not  droughty.  It  is  particularly  suited  to  alfalfa,  because  of 
the  deep,  porous  soil  and  subsoil  and  the  abundance  of  moisture  in 
the  deep  subsoil.  Com  and  wheat  and  other  small  grains  are  grown, 
and  the  yields  almost  equal  those  on  the  Lamoure  silty  clay.  This 
land  is  valued  at  $40  to  $50  an  acre. 

LAICOURE  SILTY  CLAY  LOAIC. 

The  Lamoure  silty  clay  loam  comprises  the  undifferentiated  ma- 
terial occurring  in  the  flood  plains  of  the  smallest  waterways  and 
in  the  slightly  lower  areas  which  exist  along  some  of  the  larger 
streams.  The  soil  usually  is  dark  brown  to  black  in  color,  and 
ranges  from  a  fine  sandy  loam  to  a  heavy  loam  in  texture.  The  sub- 
soil below  12  or  16  inches  usually  is  grayish  brown,  mottled  with 
gray  and  brown,  and  varies  in  texture  even  more  widely  than  the 
soil.    Sometimes  sandy  or  gravelly  strata  occur  below  30  inches. 

This  type  occurs  along  practically  all  the  smaller  streams,  but 
the  bottoms  are  sometimes  discontinuous.  The  small  areas  are  often 
included  in  fields  with  other,  more  extensive  soils.  The  larger  bot- 
toms ai'e  used  for  pasture.  Some  wild  hay  is  cut,  yields  of  a  little  more 
than  1  ton  per  acre  being  obtained.  The  two  large  areas  of  this  type 
associated  with  the  Edgeley  loam  are  a  little  better  than  other  bot- 
tom soil^  in  the  same  localities,  but  are  not  so  productive  as  some 
more  typical  areas. 

The  value  of  this  type  depends  on  the  surrounding  land,  and 
ranges  from  $20  to  $35  an  acre. 

LAMOITRX  Sn.TY  CLAY. 

The  Lamoure  silty  clay  is  a  dark-brown  to  black,  friable  silty 
clay,  which  grades  at  about  16  inches  into  a  dark-brown  or  dark- 
drab,  compact  silty  clay  to  plastic  clay.  It  is  faintly  mottled  in  the 
lower  depths  with  light-gray  material,  which  consists  in  part  of  soft 
lime  concretions.  This  is  an  alluvial  soil  occurring  along  the  James 
Kiver,  and  at  several  points  along  the  Maple  River.  It  usually  lies 
along  the  stream,  especially  in  the  bends.  Good  drainage  results 
from  the  proximity  of  the  river  channel  and  from  the  gentle  slope 
of  the  surface  to  the  lower  land  occupied  by  tiie  Lamoure  elay. 
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This  aoil,  though  ineztensive,  is  the  most  desirable  type  in  the 
oonnty.  Because  of  its  friability,  it  is  easy  to  till.  While  well 
drained,  it  is  able  to  withstand  severe  droughts.  The  principal  crops 
grown  are  wheat,  com,  and  barley.  In  average  years  yields  of  20 
bushels  of  wheat,  85  bushels  of  com,  and  82  bushels  of  barley  per 
acre  are  obtained.  Alfalfa  has  been  grown  successfully  on  a  small 
scale,  giving  three  cuttings  of  about  1  ton  each. 

Farms  consisting  in  large  part  of  this  type  are  valued  at  $50  to 
$60  an  acre. 

LAlfOUBE  CLAT. 

Tlie  soil  of  the  Lamoure  clay  to  a  depth  of  9  inches  is  a  black  or 
very  dark  drab  clay  which  is  plastic  when  wet  and  cracks  or  crum- 
bles into  angular  fragments  when  dry.  Below  9  inches  the  subsoil 
has  much  the  same  color  and  texture  as  the  soil,  consisting  of  dark- 
drab  or  brown  clay  slightly  mottled  with  gray  and  becoming  slightly 
lighter  colored  with  depth.  The  subsoil  is  highly  calcareous,  effer- 
vescing strongly  in  acid,  and  commonly  contains  small  pieces  of 
shale. 

Rather  extensive  areas  of  this  type  occur  along  the  James  "River  in 
the  vicinity  of  Oakes  and  north  of  this  place,  with  several  small 
boUies  ne^r  Ludden  and  at  the  state  line. 

The  Lamoure  clay  is  the  most  poorly  drained  type  in  the  series. 
It  usually  occupies  that  pai-t  of  the  bottom  farthest  from  the  stream 
and  adjoining  the  hills,  where  it  receives  drainage  waters  from  the 
upland,  the  run-off  of  such  water  being  prevented  by  the  slight 
natural  levee  at  the  river  bank.  The  wettest  areas  of  the  type  are 
indicated  on  the  soil  map  by  the  mai'sh  symbol.  In  these  wet  places 
there  is  an  accumulation  of  alkali  which  causes  the  land  to  have  a 
somewhat  lower  value.  The  marshy  areas  support  a  dense  growth 
of  grass,  which  is  cut  for  hay,  yielding  1  to  2  tons  per  acre. 

Where  the  type  is  drained  it  produces  good  yields  of  all  small-grain 
crops,  but  it  is  not  so  desirable  for  intertilled  crops,  such  as  com, 
because  it  is  difficult  to  cultivate.  Yields  of  15  to  25  bushels  of  wheat, 
about  25  bushels  of  barley,  35  bushels  of  oats,  and  25  bushels  of  corn 
per  acre  ordinarily  are  obtained.  Crops  are  more  certain  in  dry  sea- 
sons on  this  type  than  on  any  other  soil  in  the  county.  Tliis  type  is 
valued  at  about  $50  an  acre. 

VKAMDZR  FINE  SAND. 

To  a  depth  of  16  to  20  inches  the  Bearden  fine  sand  is  a  very  dark 
brown  to  brown,  loose,  mellow  fine  sand  or  fine  sandy  loam.  The 
subsoil  is  a  lighter  brown  loamy  fine  sand,  becoming  yellowish  brown, 
slightly  mottled  with  gray  and  brown,  and  more  loose  and  incoherent 
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in  the  lower  part  of  the  3-foot  section.  The  substratum  consists  of 
fine  sand  or  coarser  sand  and  extends  to  a  depth  of  many  feet.  This 
type  is  the  predominating  soil  in  the  region  south  of  Oakes,  but  is 
Lot  found  in  other  parts  of  the  county.  The  topography  is  level  to 
very  gently  undulating.  Along  the  north  and  west  sides  of  the  lake 
the  type  has  a  stronger,  heavier,  and  more  coherent  soil,  while  toward 
the  south  and  east  it  grades  into  the  very  loose  "  blow  saMs"  mapped 
as  the  Valentine  fine  sand.  The  drainage  is  accompIiHied  by  the 
downward  percolation  of  water,  and  the  type  is  somewhaf^droughty. 
This  type  is  too  light  in  the  subsoil  for  the  typical  Bearden  soil,  and 
not  light  enough  for  the  typical  Sioux.  .It  could,  however,  be  classed 
with  either  series.  The  area  at  Oakes  and  one  near  Ludden  are 
coarser  than  the  remainder  of  the  type  and  slightly  more  droughty, 
while  in  a  large  area  lying  along  the  James  River  south  of  Oakes,  the 
soil  for  a  distance  of  about  2  miles  from  the  river  is  finer  in  tex- 
ture than  the  main  body  of  the  type.  The  soil  here  is  nearer  a 
very  fine  sand  than  a  fine  sand.  The  value  of  the  type  would  be 
greatly  increased  if  it  could  be  devoted  largely  to  alfalfa.  When 
firmly  established  alfalfa  would  protect  the  surface  from  destructive 
erosion  by  winds,  and  its  long  tap  roots  would  reach  down  to  the 
abundant  supply  of  ground  water  in  the  porous  substratum  within 
10  or  15  feet  of  the  surface.  Experimental  plots  of  alfalfa  show  that 
it  can  be  grown  in  this  region,  though  there  is  danger  of  the  seed 
being  covered  too  deeply  and  the  small  plants  being  smothered  out 
in  the  loose  surface  before  it  is  firmly  established  in  the  soil. 

Soil  moisture  is  easily  conserved,  so  that  corn  does  not  suffer  when 
the  rainfall  is  well  distributed.  Small  grain  grows  rather  short 
and  thin,  and  the  heads  are  not  large.  Millet  is  a  better  source  of 
hay  than  the  nati\'e  grasses.  Yields  of  8  or  9  bushels  of  wheat,  25 
bushels  of  corn,  17  bushels  of  barley,  25  bushels  of  oats,  and  three- 
fourths  to  1  ton  of  millet  hay  per  acre  are  reported.  The  areas  most 
subject  to  wind  erosion  are  kept  in  grass,  and  yield  about  one-half 
ton  of  prairie  hay  per  acre. 

This  soil  type  is  also  well  suited  to  the  production  of  corn  and 
potatoes.  Although  it  is  apt  to  be  droughty  in  some  seasons  for 
small  grain,  there  is  usually  enough  moisture  for  the  production  of 
cultivated  crops.  When  cultivated  crops  are  grown  it  is  a  good 
practice  to  cover  the  land  with  manure  during  the  winter  so  that 
drifting  will  be  checked  in  the  spring.  A  fairly  good  crop  of  oat5 
or  durum  wheat  can  usually  be  obtained  on  corn  or  potato  ground 
handled  in  this.  way.  Winter  rye  could  be  seeded  in  the  stubble  of 
this  wheat  or  oats.  If  seeded  very  early  in  some  years  there  would 
be  moisture  enough  to.  obtain  a  stand  of  sweet  clover.    If  a  stiuid 
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is  obtained  it  should  produce  a  good  crop  of  hay  or  seed  or  could 
be  used  for  pasture.  It  makes  especially  good  hog  pasture.  The 
sweet-clover  land  should  not  be  plowed  until  the  spring  after  the 
sweet-clover  crop  is  produced.  By  following  out  some  such  cropping 
system  drifting  of  the  soil  can  be  controlled  to  some  extent.  If  the 
land  is  manured  with  8  or  10  loads  of  manure  per  acre  once  in 
four  years  the  soil  will  become  more  coherent  in  structure  and  less 
inclined  to  drift  when  such  a  cropping  system  is  followed, 

A  demonstration  farm  was  established  on  a  sandy  soil  type  similar 
to  the  Bearden  fine  sand  in  the  vicinity  of  McLeod,  in  Ransom 
County,  in  1909.  The  surface  of  the  soil  is  more  rolling  and  the  sand 
is  inclined  to  drift  more  than  in  the  areas  of  this  kind  in  this  county, 
and  the  water  table  is  nearer  the  surface  on  some  parts  of  the  farm. 
No  rotation  has  been  established  on  this  farm,  but  experiments  have 
been  conducted  to  determine  the  adaptability  of  this  soil  for  the 
production  of  various  crop&  These  results  have  been  obtained  under 
conditions  very  similar  to  those  in  Dickey  County  and  furnish  nn 
index  of  the  adaptation  of  crops  to  sandy  soils  in  the  present  survey. 

The  experiments  have  been  carried  on  from  2  to  5  years  and  the 
number  of  trials  has  been  from  3  in  the  case  of  field  peas  to  20  in 
tlie  case  of  wheat. 

The  average  yield  of  oats  is  28  bushels,  of  field  peas  9^  bushels, 
sugar  beets  about  11^  tons,  potatoes  153  bushels,  and  of  millet  14^ 
tons.  Winter  wheat- yields  8  and  spring  wheat  9|  bushels,  respec- 
tively. Less  extended  trials  with  redtop  show  that  where  the  water 
table  is  sufficiently  near  the  surface  yields  of  1^  to  2  tons  per  acre  of 
hay  can  be  produced.    Sweet  clover  ha^  been  grown  successfully. 

The  average  income  per  acre  from  all  comparable  crops  in  these 
experiments  ai-e  as  follows:  ^Vheat,  $7.51;  oats^  $8.26;  barley,  $6.65; 
rye,  $5.75;  flax,  $11.05;  potatoes,  $84.55;  and  corn,  $11.09.*  The 
income  derived  from  oats  and  barley  covers  the  cost  of  production, 
flax  and  corn  have  a  slight  margin  of  profit,  and  potatoes  are  the 
most  profitable  crop  grown. 

The  typical  Bearden  fine  sand  in  this  county  is  better  suited  to 
smnll  grain  than  the  soil  of  the  McLeod  demonstration  farm,  and 
such  crops  usually  yield  fairly  well  when  grown  in  a  rotation  con- 
taining corn  and  alfalfa  or  sweet  clover.  Oats  and  durum  wheat 
are  probably  the  best  small  grains  to  grow. 

This  land  is  held  for  about  $25  an  acre. 

*  oov  and  one-half  tont  of  fodder  It  calculated  aa  being  worth  aa  much  aa  1  ton  of  baj. . 
W411*— 10 i 
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The  following  table  gives  the  results  of  mechanical  analyses  of 
samples  of  the  soil  and  subsoil  of  this  type : 

MechunUxU  analyMeM  of  Beardem  fine  «a«d. 


Number. 

DescripUon. 

Fine 
sravel. 

Coarse 
aead. 

Medl-im 
nod. 

Fine 
aend. 

Very  One 
sud. 

sot. 

Clay. 

351474 

Soil 

Percent, 

ao 

Percent. 
L4 

Percent. 
LS 
14 

Percent. 
28.8 
M.6 

Percent. 
53.2 
52.0 

Percent. 
10.8 
13.0 

PereeA 

IT 

S51475..... 

SabsolL 

LI 

bkahden  ix>Airr  fine  8ani>. 

The  surface  soil  of  the  Bearden  loamy  fine  sand  is  a  dark-gray 
or  black,  loose,  calcareous  fine  sand  or  loamy  fine  sand  8  to  10  inches 
deep.  The  subsoil  to  an  average  depth  of  20  inches  is  a  light-brown, 
loose,  incoherent  fine  sand«  below  which  depth  it  becomes  yellowish 
brown  mottled  with  gray  and  brown.  The  material  of  both  sections 
of  the  subitoil  effervesces  in  acid.  There  is  seldom  even  a  thin  laver 
of  heavier  material  in  the  soil  section  or  substratum.  The  t3rpe  is 
poorly  drained,  as  it  occurs  in  depressions,  and  even  in  dry  seasons 
the  sand  is  usually  saturated  at  a  depth  of  8  or  4  feet.  Unlike  most 
depression  soils,  this  type  does  not  contain  sufficient  clay  to  make 
the  sand  coherent,  and  when  the  sod  is  broken  the  soil  is  likely  to 
drift.  On  account  of  its  moist  nature  and  high.water  table,  this  land 
produces  good  crops  of  hay.  Although  some  areas  have  been  broken, 
most  of  them  have  reverted  to  grass,  and  furnish  good  hay  and  pas- 
turage. During  the  sunmier  of  1914,  sec.  24,  B.  59,  T.  129,  consisting 
largely  of  Bearden  loamy  fine  sand,  supported  280  head  of  beef 
cattle.  Land  of  this  type  should  yield  1  ton  of  prairie-grass  hay  per 
acre.    Land  of  the  Bearden  loamy  fine  sand  is  valued  at  $20  to  $25 


an  acre. 


BBABDBN  FINK  BANDY  LOAM* 


The  surface  soil  of  the  Bearden  fine  sandy  loam  typically  consists 
of  a  black,  dark-brown  or  dark-drab,  loose  fine  sandy  loam,  10  to  14 
inches  in  depth.  The  subsoil  is  a  light-brown  or  grayish-brown, 
calcareous  fine  sandy  loam,  grading  into  a  gray  silty  or  sandy  clay 
slightly  mottled  with  drab  and  brown.  This  heavy  layer  usually 
gives  way  to  a  fine  sandy  loam  heavily  mottled  with  brown  at  82  to 
40  inches.  The  large  areas  of  this  soil  8  or  4  miles  southeast  of  Oakes 
do  not  occupy  distinct  depressions,  but  have  a  very  flat  topography 
and  a  heavy  layer  in  the  subsoil  that  retards  the  downward  perco- 
lation of  rain  water.  The  areas  farther  south  of  Oakes  usually  are 
depressed  slightly  below  the  general  level  of  the  plain  and  are  not 
so  well  drained  as  the  areas  to  the  north.    They  are  used  mainly  for 
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growing  wild  hay,  yielding  about  1}  tons  per  acre.   Some  alkali  spots 
occur. 

Land  of  this  type  near  Oakes  has  a  high  value  because  of  its  con* 
venient  location  as  well  as  its  good  subsoil.  It  is  a  very  good  com 
soil,  as  it  warms  up  early  in  the  season  and  is  easy  to  cultivate. 
There  is  always  an  abundance  of  moisture  under  the  loose  surface 
8oiL  Wheat  yields  about  10  bushels  and  oats  20  to  25  bushels  per 
acre.  The  wetter  areas  are  kept  in  prairie  sod  and  produce  about  1 
ton  of  wild  hay  per  acre.  Unimproved  land  of  this  type  is  valued 
at  $20  to  $25  an  acre. 

BBABDBZf   VEBT   VXlfS   SANDT   LOAIC 

The  typical  soil  of  the  Bearden  very  fine  sandy  loam  is  a  dark- 
brown  to  black,  very  smooth,  friable,  and  uniform-textured  very 
fine  sandy  loam,  with  a  depth  of  12  to  16  inches.  The  subsoil  is  a 
dark  grayish  brown,  highly  calcareous  very  fine  sandy  loam,  about 
12  to  24  inches  thick,  changing  rather  abruptly  to  a  light-gray,  com- 
pact and  somewhat  impervious,  highly  calcareous  silty  clay  or  sUty 
day  loam.  This  heavy  layer  continues  below  3  feet,  but  changes  to 
yellowish  brown  with  depth.  The  topography  is  flat  to  gently  undu- 
lating, and  the  surface  drainage  usually  is  good. 

This  type  occurs  in  the  southeastern  part  of  the  county  within  the 
smooth  area  known  as  the  bed  of  LakiB  Dakota.  The  soil  is  com- 
poeed  of  the  fine  sandy  particles  which  have  been  washed  or  blown 
over  heavier  sediments  laid  down  in  the  old  lake  or  as  river  terrace 
material.  The  principal  areas  are  located  about  8  miles  south  of 
Oakes,  3  miles  southwest  of  Ludden,  and  about  4  miles  southeast  and 
4  miles  north  of  this  place. 

This  type  is  suited  to  all  the  general  farm  crops  common  to  the 
region,  and  produces  good  yields.  Com  yields  about  20  bushels, 
wheat  10  to  15  bushels,  and  oats  about  80  bushels  per  acre.  Wild 
hay  yields  three- fourths  ton  and  millet  1^  tons  of  good  hay  per  acre. 

The  soil  of  the  Bearden  very  fine  sandy  loam  is  less  likely  to  drift 
during  high  winds  than  other  soils  in  this  region,  and  it  is  unusually 
retentive  of  moisture. 

This  is  a  good  com  and  alfalfa  soil,  and  millet  and  sweet  clover  can 
be  used  to  good  advantage  in  s(Hne  cropping  systems.  The  organic 
content  should  be  maintained  by  the  growing  of  alfalfa  and  sweet 
clover  and  the  application  of  farm  manure.  Some  of  the  rotations 
suited  to  this  type  are :  (1)  Com  or  potatoes  1  year,  wheat  1  year,  oats 
1  year,  sweet  clover  1  year,  and  alfalfa  4  years;  (2)  com  or  potatoes 
1  year,  barley  1  year,  oats  1  year,  millet  1  year,  and  alfalfa  4  years; 
(8)  com  or  potatoes  1  year,  millet  1  year,  oats  1  year,  sweet  clover  1 
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year,  and  alfalfa  4  years;  (4)  com  or  potatoes  1  year,  barley  1 
year,  oats  1  year,  sweet  clover  1  year,  and  brome-grass  pasture  4 
3'ears. 

This  is  the  most  valuable  soil  of  this  part  of  the  county.  It  is  held 
at  $30  an  acre. 

« 

BBAIIOBSI  (ITTfT  J^^M- 

The  Bearden  silt  loam  is  a  dark-brown  to  black,  smooth,  friable 
silt  loam,  with  a  depth  of  10  to  16  inches,  underlain  by  a  yellowish* 
brown  or  oat  straw  colored,  highly  calcareous  silt  loam,  which  is 
slightly  more  compact  and  grades  downward  into  a  silty  clay  loam 
faintly  mottled  with  gray  and  brown.  The  substratum  usually  re- 
sembles the  subsoil,  but  fine  sandy  or  gravelly  layers  may  occur  belov 
t>  feet. 

The  type  occurs  mainly  in  the  northeastern  part  of  the  county, 
the  largest  development  being  found  south  and  southwest  of  Glover 
along  the  James  Kiver.  This  is  a  terrace  soil  and,  while  not  eroded, 
usually  is  not  level,  but  is  gently  sloping  or  undulating.  It  is  rften 
elevated  more  than  20  feet  above  the  low  bottom  lands  and  probably 
was  formed  by  the  James  River  when  it  flowed  at  a  much  higher 
level,  though  the  soil  material  has  a  structure  resembling  that  of 
wind-laid  deposits.  It  is  essentially  like  the  Barnes  silt  loam,  differ- 
ing only  in  the  process  by  which  the  soil  material  was  deposited. 

The  Bearden  silt  loam  is  a  strong  soil  of  good  water-holding 
capacity,  easy  to  till  and  suited  to  all  crops  usually  grown  in  the 
region.  Wheat  yields  about  15  bushels  per  acre,  com  35  bushels,  and 
oats  and  barley  in:  pfx>poFtion.    This  land'  ]s<  valued  at  $40  an  acre; 

Results  of  mechanical  analyses  of  samples  of  the  soil  and  subsoil  of 
this  type  follow : 

Mechanic^  analyses  of  Bearden  sUt  loam. 


NumlMr. 

DescrlptioD. 

Fine 
gravel. 

Coone 
ttnd. 

Biniiim 
sand. 

Fine 
aand. 

Very  fine 
sand. 

Silt. 

Cl^. 

351420 

Son 

Percent. 
.1 

Percent, 
.4 

Per  cent, 
.8 

Percent. 
T.9 

PercenL 
8.0 
9.S 

Percent. 
8L0 
81.4 

217 

851431 

Subsoil 

XLS 

The  following  sample  contained  more  Uian  one^&U  oC  1  per  cent  calcium  cact»onati 
<CaC0i)  :  No.  851421,  10.20  per  cent 


VAJIQO  BILTT  CLAT. 


The  soil  of  the  Fargo  silty  clay  is  a  black  to  very  dark  brown, 
friable  to  compact,  usually  calcareous  silty  clay  16  to  24  inches  deep. 
It  is  sometimes  faintly  mottled  with  rusty  brown.    The  subsoil  is  t 
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gray  or  drab,  plastic,  calcareous  silty  clay,  becoming  lighter  in  tex- 
ture and  heavily  mottled  with  yellow,  brown,  drab,  and  light  gray- 
ish with  depth.  This  type  is  poorly  drained  and  is  so  depressed 
that  it  receives  the  run-off  from  the  surrounding  land.  The  areas 
ransre  in  size  from  2  or  3  acres  to  more  than  a  section.  The  type  is 
underlain  by  impervious  clays  or  till  where  surrounded  by  glacial 
soils.  Areas  of  the  Fargo  silty  clay  are  scattered  through  all 
parts  of  the  county,  except  on  the  well-drained  east  slope  of  the 
Altamont  moraine.  They  are  especially  numerous  near  Clement 
and  in  the  "  hill  country,"  or  Altamont  moraine.  Where  surrounded 
by  the  Williams  soils  the  Fargo  silty  clay  is  less  black  and  more  drab 
in  color  than  in  typical  areas.  In  some  areas  the  black  soil  extends 
to  a  depth  of  3  feet  or  more.  One  large  area  on  the  slope  4  miles 
south  of  Merricourt  is  similar  to  the  Barnes  silty  clay  loam,  except 
that  it  has  a  decidedly  ashy  gray  colored  subsoil.  A  small  area  about 
6  miles  northeast  of  Fullerton,  in  sees.  1  and  36,  Tps.  132  and  131, 
K.  61  W.,  is  somewhat  lighter  in  texture  than  the  typical  soil,  and 
the  same  is  true  of  a  small  area  in  section  20  of  the  former  township, 
as  well  as  of  a  long  strip  about  5  miles  west  of  Ludden. 

The  majority  of  the  areas  of  this  type  are  too  wet  in  the  spring 
to  be  seeded  to  wheat,  but  are  used  for  the  production  of  hay. 
Hardly  a  farm  is  without  one  or  more  of  these  areas,  which  yield 
from  1  to  2  tons  of  prairie  hay  per  acre.  Since  the  run-off  from  the 
surrounding  land  has  been  greatly  decreased  by  breaking  the  prairie 
sod  and  preparing  a  loose  layer  of  soil  which  absorbs  the  rain,  some 
of  the  areas  of  Fargo  silty  clay  have  become  dry  enough  to  cultivate. 
Good  yields  are  obtained,  although  where  grain  is  grown  the  straw 
tends  to  grow  too  rank,  and  corn  is  subject  to  injury  by  early  frosta 
In  favorable  seasons  wheat  yields  about  30  bushels,  com  25  to  30 
bushels,  oats  about  70  bushels,  and  barley  about  40  bushels  per  acre 
in  the  better  drained  areas. 

An  average  value  of  this  type,  based  on  its  use  for  hay,  is  $25  to 
$30  an  acre. 

Average  results  of  mechanical  analyses  of  samples  of  the  soil  and 
sabfioil  are  given  in  the  following  table : 

Mechanical  analyMCs  of  Fargo  MiUy  day. 


KHmbw-. 

Description. 

Fine 
gravel. 

Coarse 
sand. 

Medium 
sand. 

Fine 
sand. 

Very  flne 
sand. 

Silt. 

Clay. 

JSIM.  351496 

ISlll?,3ai4§7 

« 
Soil 

Percent. 

aft 

.1 

Percent. 

2.1 

.6 

Percent. 
L9 

Pa  cent. 
9,2 
3.3 

Percent. 
16 
9l6 

Pereaa. 
44.0 

n.9 

PerctnL 
S4.S 

SulMoiL 

8QL0 

The  following  aamplea  contained  more  than  one-half  of  1  per  cent  calciom  cartwiuitt 
lOiOOb)  :  No.  801447,  20.20  per  cent ;  No.  801407,  16.88  per  cent 
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SIOUX  LOAIC 

The  Sioux  loam  is  a  light  to  heavy  loam,  very  dark  brown  to 
black  in  color,  the  black  layer  having  an  average  thickness  of  about 
12  inches,  though  in  exceptional  cases  it  extends  to  a  depth  of  2  feet 
or  more.  The  subsoil  is  a  yellowish  or  grayish-brown,  calcareous 
loam  and  there  is  in  many  places  a  compact  layer  just  above  the 
gravel  substratum.  The  gravel  is  often  incrusted  with  lime.  The 
type  is  fairly  retentive  of  moisture.  This  soil  occurs  typically  on 
flat  terraces  along  Bearden  Creek  and  other  watercourses  where  beds 
of  gravel  were  deposited  in  glacial  times.  Wherever  the  type  occurs 
along  the  outer  boundary  of  a  valley,  especially  along  James  River 
and  Bearden  Creek,  it  has  received  more  or  less  wash  from  the  ad- 
jacent  hills  covering  the  original  river  terrace  with  a  layer  of  silty 
material.  This  material  is  essentially  the  same  as  thdt  beneath,  so 
far  as  its  source  and  composition  are  concerned,  though  the  greater 
part  of  the  accumulated  wash  is  dark  in  color,  making  the  dark- 
colored  layer  thicker  and  also  burying  the  gravel  layer  deeper  than 
in  the  uncovered  terraces.  The  soil  is  somewhat  better,  therefore, 
than  the  typical  soil,  though  the  moisture  supply  may  not  be  the 
same.  The  topography  is  sloping  rather  than  flat.  The  areas  north- 
east of  Oakes  are  slightly  lighter  in  texture  than  elsewhere. 

The  Sioux  loam  has  a  good,  loose,  porous  structtire,  even  where  it 
is  broken  when  wet,  and  is  easily  worked  into  a  good  seed  bed.  The 
soil  contains  about  10  per  cent  of  organic  matter  and  is  quite  pro- 
ductive. Yields  are  reduced  by  the  droughtiness  of  the  soil  and  are 
slightly  lower  than  on  the  Sioux  silt  loam.  Corn  yields  about  25 
bushels,  wheat  12  bushels,  barley  20  bushels,  and  oats  27  bushels  per 
acre.    Unimproved  landi  of  this  type  sells  for  about  $30  an  acre. 

Sioux  loam^  colluvial  phase. — Along  the  foot  of  the  Altamont  mo- 
raine a  belt  of  soil  is  mapped  as  the  Sioux  loam,  colluvial  phase. 
This  belt  does  not  extend  along  a  stream,  but  is  traversed  by  a  num- 
ber of  streams,  which  flow  directly  across  it.  This  is  colluvial  tna- 
^rial  which  is  mapped  as  Sioux  because  of  its  water-laid  origin  and 
the  occurrence  of  a  layer  of  gravel  a  few  feet  below  the  surface.  It 
is  a  loam  in  texture  and  has  the  other  characteristics  of  the  Sioux 
loam.  Its  topography  and  the  crops  grown  on  it,  as  well  as  the 
jrields  obtained,  are  about  the  same  as  on  the  typical  soil.  This 
phase  is  shown  on  the  soil  map  by  parallel  rulings  over  the  Sioux 
loam  color. 

8IOI7X  GRAVELLY  LOAM. 

The  Sioux  gravelly  loam  is  a  dark-brown  to  black,  calcareous 
gravelly  loam  or  sandy  loam  grading  at  2  to  6  inches  into  an 
earthy  gnUvel  bed  with  lime-incrusted  pebbles,  and  at  greater  depths 
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into  cleaner  and  looser  gravel.  The  gravel  particles  are  from  one* 
fourth  inch  to  5  or  6  inches  in  diameter.  The  topography  usually  is 
level,  but  some  areas  occur  on  small  ridges  or  along  the  slopes  of 
terraces. 

This  type  is  not  suited  to  crop  production,  because  it  is  too  gravelly 
to  cultivate  and  too  droughty  to  produce  profitable  crops.  It  fur- 
nishes scant  pasturage.  The  underlying  gravel  beds  are  sources  of 
^ood  road-surfacing  material  and  railroad  ballast,  but  the  gravel 
does  not  make  good  concrete,  because  it  contains  soft  shale  pebbles. 
For  farming  the  type  is  valued  at  about  $10  an  acre. 

A  beach-sand  variation  of  this  type  is  developed  in  a  number  of 
places,  mainly  in  the  higher  country  west  of  the  Altamont  escarp- 
menL  It  is  found  in  very  narrow  belts  th&t  were  originally  small, 
permanent  lakes.  Most  of  these  areas  have  become  mere  marsh  land 
on  account  of  the  decreased  inflow  of  water  due  to  the  breaking  up 
of  the  prairie  sod  and  the  resulting  greater  absorption  of  the  rainfall 
by  the  soil.  These  belts  consist  of  4  to  6  inches  of  a  loose  gravelly 
loam  or  sandy  loam  top  layer,  usually  dark  brown  in  color,  underlain 
by  a  loose  gravel  subsoil.  The  soil  is  very  rarely  cultivated.  Yields 
of  small  grain  do  not  average  more  than  5  or  6  bushels  per  acre.  The 
soil  usually  is  covered  with  grass  in  its  native  condition,  though  the 
more  recently  formed  areas  are  barren  of  vegetation. 

Sioux  gravelly  loam^  colluvzal  phase. — ^In  character  of  soil  this 
phase  does  not  differ  essentially  from  the  main  type.  It  is  black  or 
dark  brown  in  color  and  gravelly  to  sandy  in  texture,  and  is  underlain 
by  gravel.  It  lies  at  the  foot  of  the  Altamont  moraine,  stretching  as 
a  narrow  north  and  south  belt  in  Tps.  129  and  130,  R.  65  W.,  with 
smaller  areas  north  of  the  main  belt.  This  belt  extends  across  rather 
than  along  the  minor  drainage  ways.  It  slopes  eastward  and  has 
a  somewhat  steeper  surface  than  the  typical  soil.  It  is  slightly 
eroded  in  places.  Agriculturally  it  has  about  the  same  value  as  the 
typical  soil.    (See  PL  I,  fig.  2.) 

Sioux  gravelly  loam,  rolling  phase. — ^The  soil  of  the  Sioux  gravelly 
loam,  rolling  phase,  is  a  very  dark  brown  to  black  gravelly  loam  or 
gravelly  sandy  loam,  with  a  depth  of  4  to  6  inches.  The  subsoil  is 
a  gray  ish-brown,  earthy  gravel,  grading  quickly  into  beds  of  stratified 
graTel,  which  are  grayish,  yellowish  or  rusty  brown  in  color,  usually 
effervescing  freely  in  acid,  and  containing  as  a  rule  many  lime-coated 
pebbles. 

This  phase  occurs  on  small,  rounded  kames  and  long,  narrow  eskers 
where  the  water  escaping  from  the  glacier  front  or  flowing  through 
cracks  in  the  ice  sorted  and  deposited  the  material  of  these  gravelly 
hills.  It  is  scattered  over  the  county,  usually  associated  with  morainio 
hills,  especially  in  the  low  hills  of  the  Antelope  moraine,  which  ex- 
tend through  the  county  west  of  EUendale  and  near  Monango.    It 
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is  a  poor  soil  and  is  seldom  cultivated  except  where  the  knolls  an 
very  smooth  and  occur  in  a  field  made  up  mainly  of  good  soil.  Be- 
cause of  the  droughty  nature  of  the  subsoil,  the  yields  of  all  crops 
are  light,  and  even  the  prairie  grasses  make  a  poor  growth.  The 
phase  is  worth  very  little  for  farming,  but  is  a  source  of  good  road- 
building  material. 

BlOtJX  SANDY  LOAU. 

The  typical  Sioux  sandy  loam  is  a  brown,  dark-brown  or  black, 
loose,  medium  sandy  loam  or  loamy  sand,  8  to  12  inches  deep,  under- 
lain by  a  loose  and  incoherent  medium  sand,  yellowish  or  grayidi 
brown  in  color,  and  grading  into  coarse  sand  or  fine  gravel.  This 
soil  was  formed  by  weathering  and  the  accumulation  of  vegetable 
matter  on  the  sand  bars  of  glacial  streams.  The  topography  is  gen- 
erally level.  The  type  occurs  along  the  James  Biver  and  some  of  the 
other  streams  of  the  county.  Like  the  fine  sandy  loam,  neither  the 
soil  nor  the  subsoil  usually  effervesces  in  acid. 

The  typical  soil  and  the  colluvial  phase,  described  below,  have 
about  the  same  value,  ranging  from  $20  to  $25  an  acre.  They  are 
also  about  equal  in  productiveness,  yielding  7  to  9  bushels  of  wheat, 
about  18  bushels  of  corn,  and  15  to  20  bushels  of  oats  per  acre. 

Sioux  sandy  loam^  colluvial  phase. — Several  small  areas  of  the 
Sioux  sandy  loam  occur  on  colluvial  slopes  at  the  foot  of  the  Alta- 
mont  moraine,  in  the  western  part  of  the  county.  The  soil  of  these 
areas  is  the  same  in  character  as  the  typical,  the  only  difference  being 
in  its  position  at  the  foot  of  the  slope,  where  it  has  been  laid  down  as 
colluvial  wash  rather  than  as  a  terrace.    The  topography  is  smooth. 

SIOUX  FINE  SANDY  LOAU. 

To  a  depth  of  8  to  12  inches  the  Sioux  fine  sandy  loam  is  a  loose, 
mellow  fine  sandy  loam.  The  subsoil  is  a  light-brown  to  yellowish- 
brown  fine  sandy  loam,  becoming  somewhat  heavier  and  more  coni- 
pact  with  depth.  While  the  type  occurs  on  a  gentle  colluvial -slope, 
the  rather  uniform  sandy  nature  of  the  soil  indicates  that  much  of  it 
was  carried  there  by  the  wind,  instead  of  being  derived  entirely  from 
tlie  heavier  material  of  the  hills  above. 

Ihe  Sioux  fine  sandy  loam  is  mapped  in  several  areas  along  the 
upper  course  of  the  James  River.  The  substratum  of  the  type 
usually  is  composed  of  sands  instead  of  gravel  and  the  subsoil  does 
not  seem  to  be  so  calcareous  as  most  of  the  soils  in  this  region.  It 
rarely  effervesces  in  acid. 

This  type  is  of  too  small  extent  to  be  of  general  importance,  but 
it  produces  fair  yields  of  all  the  crops  common  to  the  region. 
Wheat  yields  about  11  bushels,  and  other  crops  give  .proportionate 
yields  per  acre.    This  land  is  held  for  about  $26  an  acre. 
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BI0T7Z  SILT  LOAM. 

The  Sioux  silt  loam  is  the  heaviest  member  of  the  Sioux  series  in 
Dickey  Coui\jty.  The  soil  is  a  dark  grayish  brown  silt  loam  con- 
taining considerably  sand.  At  10  to  16  inches  this  grades  into  a  light- 
brown  or  yellowish-brown  silt  loam  or  heavy  loam.  The  subsoil 
usually  is  more  compact  and  heavier  in  the  lower  part  and  a  bed  of 
gravel  is  encountered  at  a  depth  of  30  to  40  inches.  Both  soil  and 
subsoil  are  sufficiently  calcareous  to  effervesce  in  acid. 

This  soil  is  typically  developed  at  several  points  along  the  James 
River  and  Bearden  Creek.  The  area  2  miles  northeast  of  Oakes  is 
lighter  than  typical,  approaching  a  very  fine  sandy  loam,  and  is 
underlain  by  beds  of  sand.  Several  areas  of  the  type  mapped  along 
small  draws  on  the  slope  below  the  Missouri  Plateau  merge  with  the 
adjoining  soil  in  such  manner  that  they  can  be  located  only  by 
boring  down  to  the  gravel  beds.  They  occupy  positions  essentially 
like  those  occupied  by  the  colluvial  phases  of  some  of  the  Sioux 
types,  and  could  have  been  separated  as  colluvial  phases  of  the  silt 
loam  if  of  sufficient  extent. 

This  type  is  not  very  droughty,  owing  to  the  thick  layer  of  close- 
textured  soil  and  the  slight  tendency  toward  a  hardpan  just  above 
the  gravel  beds.  It  is  well  drained  and  is  an  easy  soil  to  handle. 
In  seasons  of  average  rainfall  it  produces  practically  as  good  crops 
as  the  Barnes  soils.  Wheat  yields  fronfl  15  to  25  bushels,  oats  30  to 
50  bushels,  flax  6  to  7  bushels,  barley  25  to  40  bushels,  and  corn  about 
28  bushels  per  acre,  in  favorable  years. 

This  type  sells  for  $30  to  $40  an  acre,  or  more  where  the  farm 
improvements  are  good. 

BOOEBS  8n.TY  CLAT. 

The  Rogers  silty  clay  is  a  variable  type,  but  the  average  soil  is  a 
very  dark  brown  or  dark-drab  to  black,  calcareous  silty  clay  to  clay 
10  to  14  inches  deep  and  slightly  mottled  with  gray.  The  subsoil  is  a 
dark-gray,  compact,  plastic,  highly  calcareous  silty  clay,  mottled  with 
gray  and  yellowish  gray  below  24  inches.  There  are  heavy  black 
** gumbo"  spots  in  places,  and  in  other  places  a  yellowish  clay  is 
encountered  near  the  surface.  The  surface  is  often  veneered  with 
streaks  or  spots  of  sand  and  is  light  gray  with  the  alk.ili  incrusta- 
tions associated  with  the  type.  In  places  the  underlying  clays 
directly  overlie  bedded  shale  and  elsewhere  they  pass  into  till.  The 
Rogers  silty  clay  occurs  mainly  in  areas  within  or  near  the  strip  of 
Edgeley  loam  west  of  Monango  and  EUendale,  where  it  occupies  wide 

flats. 

A  variation  of  the  Rogers  silty  clay  occurs  on  the  Plateau  as  the 
lake-bed  deposits  of  depressions  which  recently  contained  several  feet 
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of  water.  Such  areas  resemble  the  Fargo  silty  clay,  but  are  mm 
highly  impregnated  with  alkali.  Most  of  the  type  is  used  for  pasture 
or  hay  land,  though  some  of  the  smaller  areas  occurring  within  bodies 
of  Barnes  soils  are  cultivated.  They  are  too  wet  and  cold  to  produce 
good  crops  of  com,  and  the  alkali  seems  to  stunt  the  growth  of  small 
grains.  The  type  supports  a  growth  of  coarse  grasses.  This  land  is 
valued  at  $15  to  $18  an  acre. 

Below  are  given  the  results  of  mechanical  analyses  of  samples  oi 
the  soil  and  subsoil  of  the  Rogers  silty  clay : 

Mechanical  analyaeM  of  Rogers  Hlty  day. 


Nuc-b6r. 

Description. 

Fine 
uravel. 

Coane 
sand. 

Ifedfnm 
sand. 

Fine 
sand. 

Veryflne 
sand. 

snt. 

Clttj. 

3.91410 

Soil 

Percent. 

1.0 

.0 

Percent. 
8.0 
1.4 

Perceru. 
2.4 
L2 

Percent. 
15l9 
10.2 

Percent. 
ld.0 
1S.0 

Percent. 
28.0 
34.3 

Per  at. 

351417 

Subsoil 

3L< 

The  following  samples  contained  more  than  one-half  of  1  per  cent  calcium  carbouti 
(CaCOa)  :  No.  351416,  6.29  per  cent;  No.  861417,  23.36  per  cent 


MAPLE  CLAY  LOALI. 


The  Maple  clay  loam  has  a  dark-drab  clay  loam  soil,  8  to  15  inches 
deep,  and  a  drab,  close-structured,  waterlogged  subsoil  which  be- 
comes lighter  drab  and  mottled  with  gray  and  brown  at  about  30 
inches,  where  it  usually  grades  into  gravelly  or  sandy  strata.  This 
gravel  does  not  subdrain  the  soil,  because  the  type  occurs  in  the 
bottoms  of  old  drainage  channels  or  lakes.  Where  it  occupies  Ions, 
comparatively  narrow  troughs  there  is  some  surface  drainage  bj 
streams,  and  the  soil  is  somewhat  lighter  textured,  but  where  it  oc- 
cupies lake  beds  the  drainage  is  poorer  and  the  soil  is  often  a  siltv 
clay  in  texture. 

Areas  of  the  Maple  clay  loam  occur  in  the  northeastern  comer  of 
the  county.  An  area  occurs  between  Fullerton  and  EUendale,  and 
several  areas  are  mapped  in  the  vicinity  of  the  Edgeley  loam.  Two 
areas  of  a  heavy  variation  are  encountered  in  German  Township,  in 
the  western  part  of  the  county. 

Owing  to  its  poor  drainage,  this  type  is  not  extensively  cultivate 
It  furnishes  some  pasturage  and  produces  about  a  ton  of  prairie 
hay  per  acre.  Where  cultivated  the  yields  average  7  or  8  bushels  of 
wheat,  about  15  bushels  of  barley,  and  18  bushels  of  oats  per  acre. 
The  soil  is  not  suited  to  com.  This  type  ranges  in  value  from  $10  to 
$25  an  acre,  according  to  the  drainage  and  the  value  of  adjoining 
land* 
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BABNB8  VEBT  nifB  BAKDT  lAAM* 

The  Barnes  very  fine  sandy  loam  consists  of  10  or  12  inches  of 
dark-brown  to  black,  loose,  mellow  very  fine  sandy  loam  or  fine- 
textured  loam,  underlain  by  a  lighter  brown,  loose,  porous  loam 
which  grades  at  about  24  inches  into  light-yellowish  or  grayish- 
browii  loam  or  fine  sandy  loam.  This  lower  material  effervesces 
freely  in  hydrochloric  acid.  The  subsoil  and  substratum  usually 
have  the  same  texture  and  structure,  but  in  places  the  material  be- 
comes heavier  and  more  compact  with  depth.  Several  areas,  asso- 
ciated with  old  drainage  ways  about  6  miles  northeast  of  Oakes,  are 
characterized  by  unusually  deep,  smooth,  uniform-textured  soils, 
possibly  of  wind-blown  origin. 

The  largest  areas  of  this  type  occur  around  Monango  and  along 
the  upper  course  of  the  Maple  River.  Other  areas  are  found  north 
and  northeast  of  FuUerton,  west  and  southwest  of  Ellendale,  and 
scattered  along  the  slope  west  of  the  Edgelcy  loam.  The  topography 
is  level  to  gently  undulating,  and  the  type  is  well  drained  by  draws, 
depressions,  and  a  porous  substratum.  Areas  of  this  type  merge 
with  the  Barnes  loam  on  the  one  hand  and  with  the  Valentine  fine 
sandy  loam  on  the  other,  and  each  type  includes  small  areas  of  the 
others. 

The  Barnes  very  fine  sandy  loam  is  a  strong  soil,  but  crops  suffer 
from  prolonged  droughts.  While  the  wind  shifts  the  surface  material 
in  plowed  fields  to  some  extent,  it  does  no  appreciable  damage.  The 
land  is  easily  broken  and  cultivated.  Land  which  has  been  devoted 
to  small  grains  for  several  years  is  infested  with  Russian  thistle  and 
other  weeds,  but  these  can  be  largely  eradicated  by  growing  cultivated 
crops  or  millet.  This  type  averages  a  little  stronger  and  more  reten- 
tive of  moisture  than  the  Valentine  fine  sandy  loam,  and  is  slightly 
less  productive  than  associated  areas  of  the  Barnes  loam.  Com  should 
be  planted  to  a  greater  extent  on  this  type.  It  averages  about  24 
bushels,  with  maximum  yields  of  about  35  bushels,  per  acre.  Millet 
yields  H  tons  per  acre  when  the  hay  varieties  are  sown,  while  hog 
millet  yields  20  to  25  bushels  of  seed  per  acre.  Wheat  yields  average 
9  or  10  bushels  per  acre,  ranging  from  3  or  4  bushels  in  dry  years 
tc  15  or  16  bushels  in  more  favorable  seasons.  Oats  average  20  to 
25  bushels,  barley  about  16  bushels,  and  winter  rye  13  or  14  bushels 
per  acre. 

This  land  has  an  average  value  of  about  $30  an  acre,  with  a  higher 
value  where  it  is  highly  improved  and  favorably  located  with  respect 
to  markets  and  shipping  points. 

The  following  table  gives  the  results  of  mechanical  analyses  of 
samples  of  the  soil  and  subsoil  of  the  Barnes  very  fine  sandy  loam : 
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Mechanical  analys€9  of  Bomet  very  fine  sandy  loam* 


Number. 

Description. 

Fine 
gravel. 

Coarse 
sand. 

Medium 
sand. 

Fine 
sand. 

Veryflne 
sand. 

Sflt. 

Cky. 

351103 

Soil 

Percent. 

1.6 

.8 

Percent. 
6.0 
4.4 

Percent. 
5.6 
5.3 

Percent. 
80.5 
87.6 

Percent. 
16.3 
15l3 

Percent. 
8&3 

2a.8 

PereaL 

351403 

Subsoil. 

Hi 

The  following  sample  contained  more  than  one-half  of  1  per  cent  calcium  carbositz 
(CaCOfe)  :  No.851408,  4.25  per  cent 

BABIVEBLOAM. 

The  Barnes  loam  is  fk  dark-brown  to  black,  mellow  loam,  8  to  li 
inches  deep,  underlain  by  lighter  brown,  yellowish-brown  or  greenish, 
highly  calcareous,  moderately  compact  loam.  The  substratum  i 
somewhat  hea^  ier  and  more  compact  and  consists  of  glacial  til 
resting  upon  shale.  The  till  is  5  to  20  feet  thick  near  the  Edgele; 
loam  and  80  to  100  feet  or  more  in  thicloiess  in  the  eastern  part  or 
Dickey  County.  There  are  several  variations  of  this  type.  A 
mapped  in  Barnes  County,  N.  Dak.,  it  occurs  on  and  about  moraini 
areas,  and  a  similar  development  is  found  in  a  few  places  in  Dicke 
County.  In  such  places  it  has  a  slightly  thinner  soil  than  typica 
a  rolling  and  hilly  topography,  and  a  relatively  large  number  a 
stones  and  bowlders  on  the  surface.  Such  areas  occur  east  of  Oake 
and  south  of  Guelph.  Practically  these  same  characteristics  are  f  oun 
where  the  type  is  mapped  in  the  old  drainage  way  or  spillway  ju^ 
west  of  Clement.  Many  of  the  small  areas  of  this  type  scattere 
through  areas  of  the  Barnes  silt  loam  consist  of  small,  eroded,  an 
stony  hills  or  knobs.  As  a  rule  these  areas  have  a  comparative! 
heavy  and  compact  subsoil,  which  is  often  mottled  with  gray.  A' 
though  stones  are  numerous  on  the  surface,  they  do  not  interfer 
seriously  with  cultivation  and  can  be  removed  economically.  Tbi 
variation  of  the  type  is  less  valuable  than  the  Barnes  silt  loam. 

Another  variation  of  the  Barnes  loam  is  encountered  in  the  James 
River  Valley  and  in  Ada  Township,  where  it  corresponds  closel* 
in  depth  of  soil,  texture  and  structure  of  subsoil,  topography,  anc 
general  agricultural  value  to  the  adjoining  areas  of  the  Barnes  sik 
loam.  The  only  difference  is  that  the  soil  is  somewhat  coarser  tex 
tured.    These  areas  constitute  good  agricultural  land. 

A  variation  is  found  along  the  Maple  River  and  between  thai 
stream  and  the  belt  of  Edgeley  soils.  Here  the  type  is  associat^i 
with  areas  of  very  fine  sandy  loam,  and  the  areas  of  Barnes  loan 
often  contain  spots  of  other  material  which  are  too  small  and  UQ- 
important  to  map  separately.  The  subsoil  and  "substratum  are  lighter, 
looser,  and  more  porous  than  typical.  The  topography  is  generailj 
level  to  gently  undulating,  except  where  the  monotony  of  the  plaifi 
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is  broken  by  the  low,  rounded  hills  of  the  Antelope  moraine.  These 
hills  occur  ..s  small  knobs  and  discontinuous  ridges  in  a  strip  pass- 
ing 5  or  6  miles  west  of  EUendale  and  a  little  west  of  Monango. 
Where  this  variation  of  the  Barnes  loam  is  associated  with  the 
ildgeley  and  Rogei-s  soils  it  is  less  valuable,  but  it  grades  into  better, 
stronger  land  toward  the  east.  The  Barnes  loam  occurs  east  of  the 
Altamont  escarpment  and  is  the  predominant  soil  in  ranges  61,  62, 
63,  and  64. 

In  a  general  way  the  type  of  farming  on  the  Barnes  loam  is  the 
same  as  on  the  silt  loam  of  the  series.  The  two  types  merge  so 
gradually  that  the  boundaries  are  necessarily  arbitrary  in  mnny 
places.  However,  the  loam  on  the  average  is  somewhat  less  pro- 
ductive for  all  classes  of  crops  than  the  silt  loam. 

The  areas  of  the  Barnes  loam  of  rougher  topography  form  an  ex- 
tensive area  in  prairie  sod,  which  furnishes  good  pasturage  or  yields 
about  a  ton  of  hay  per  acre.  Whenever  the  sod  is  broken  the  land 
is  put  in  flax,  which  yields  an  average  of  7  bushels  of  seed  per  acre. 
On  the  lighter  variations  near  EUendale  many  farmers  have  found 
hog  millet  to  be  a  paying  crop,  averaging  25  bushels  of  seed  to  the 
acre.  In  addition,  this  crop  may  be  seeded  late,  and  it  protects  the 
ground  from  strong  winds.  Some  farms  on  the  Barnes  soils  are  so 
badly  infested  with  wild  oats  that  yields  of  wheat  and  other  small 
grain  are  decreased  and  millet  is  an  excellent  crop  for  such  lands. 
Wlieat  averages  10  or  11  bushels  on  the  lighter  and  more  droughty 
areas  and  13  or  14  bushels  per  acre  on  the  better  areas.  In  favorable 
years  yields  of  25  to  30  bushels  have  been  obtained.  Barley  some- 
times produces  as  much  as  40  bushels  per  acre,  but  the  average  yield 
is  about  20  bushels.  Oats  average  30  bushels,  with  occasional  yields 
of  50  to  70  bushels  per  acre. 

The  Barnes  loam  is  suited  to  much  the  same  range  of  crops 
as  the  Barnes  silt  loam.  At  present  it  is  cropped  in  much  the  same 
way.  Being  a  coarser  textured  type  it  will  requii'e  even  more  care 
in  maintaining  the  organic  matter.  Some  areas  of  this  type  will 
require  special  attention  to  avoid  drifting  or  blowing,  especially  in 
the  spring,  although  several  other  types  in  the  county  will  require 
even  more  care  than  this  in  that  respect.  Broom-corn  millet  is 
grown  quite  successfully  by  some  of  the  farmers  in  the  county  on 
this  type.  This  is  one  of  the  best  com  soils  in  the  county,  and  alfalfa 
can  be  grown  successfully  on  much  of  it.  It  is  not  as  good  a  soil 
for  small  grain  as  the  Barnes  silt  loam,  and  cultivated  crops  and 
forage  crops  will  need  to  be  grown  more  frequently  in  the  rotation. 

A  demonstration  farm  was  located  on  this  soil  type  near  James- 
town, in  Stutsman  County,  in  1901. 

The  land  was  broken  up  in  the  spring  of  1880  and  cropped  to  smaU  grains 
continuously  with  the  exception  of  1905,  when  it  was  summer  fallowed.    AVheat 
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was  grown  eacb  of  the  following  yean  until  the  spring  of  1910,  when  It  wai 
taken  for  demonstration  farm  purposee.  During  all  the  time  it  was  cropped 
no  manure  or  other  fertilizer  had  been  applied  to  the  land.  The  farm  wai 
thoroughly  infested  with  wild  oats  and  yellow  mustard/ 

The  rotation  planned  for  this  farm  consisted  of  com,  1  year; 
wheat,  2  years;  clover  or  oats  and  peas,  1  year;  and  winter  rye,  1  year. 
Ten  loads  of  stable  manure  per  acre  were  applied  to  the  land  for 
the  corn  crop.  The  last  of  the  plots  was  manured  for  the  1913 
corn  crop  and  plot  2  has  been  manured  the  seco]\d  time.  The  aver- 
age yield  per  acre  for  the  6-year  period  was,  wheat,  1^.60  bushels; 
corn,  2C.91  bushels;  oats  and  peas,  2,000  pounds;  and  rye, 9.58  bushels 

The  crop  in  1909  was  seriously  injured  by  a  hailstorm  on  July  3L 
In  1910  the  rainfall  was  very  light,  so  that  the  yields  were  low. 
The  early  part  of  the  season  of  1911  was  quite  dry,  and  there  was 
very  little  available  water  stored  in  the  soil  because  of  lack  of  rail 
the  preceding  year.  In  addition  to  this  the  wheat  crop  was  injured 
by  rust.  A  good  com  crop  was  produced  in  1911,  and  the  wheat  on 
land  that  had  grown  corn  the  preceding  year  was  fair.  The  las; 
three  years  have  been  quite  favorable.  Com  has  ripened  in  foui 
years  of  six  and  produced  a  fair  crop  of  fodder  in  1912.  The  wheai 
crops  have  been  fairly  good.  The  wheat  crop  immediately  follow 
ing  the  com  crop  has  produced  an  average  of  over  4  bushels  pe: 
acre  more  than  that  grown  the  second  year  after  the  com.  Timotlij 
and  clover  have  been  seeded  each  year  with  the  second  wheat  crop 
but  a  stand  has  been  obtained  in  only  2  years  of  the  6.  Oats  anc 
peas  produced  fair  crops  in  1909  and  1912,  but  yielded  very  littL 
in  1910  and  1911  because  of  the  dry  weather.  Winter  rye  has  no 
given  good  results  when  seeded  on  land  that  grew  peas  and  oats  tin 
preceding  year. 

During  the  years  1913  and  1914  the  cost  of  producing  the  variou 
crops  in  this  rotation  was  calculated.  As  an  average  for  the  tw< 
years  it  has  cost  $11.88  to  produce  an  acre  of  corn  in  this  rotation 
$8.19  to  produce  an  acre  of  wheat  following  the  com,  $7.03  to  pro 
duoe  the  second  crop  of  wheat,  $5.07  per  acre  to  produce  clover  aiul 
timothy,  and  $7.57  to  produce  an  acre  of  barley.  The  average 
income  per  acre  was,  wheat,  first  year  following  com,  $12.01,  or 
second  year  after  com,  $8.99,  com  $15.39,  oats  and  peas  $10.41,  ani 
rye  $5.70. 

While  the  corn  crop  has  not  shown  a  profit  every  year,  it  has  pro- 
duced enough  in  the  good  years  so  that  as  an  average  it  has  returned 
a  profit.  In  fact  it  has  been  almost  as  profitable  as  the  wheat  crop 
which  followed  it,  and  the  profit  obtained  from  the  wheat  is  la  rgelj 
due  to  the  cultivation  given  to  the  com  the  preceding  year.     This 

^  Third  annual  report  of  the  Superintendent  of  Demonstration  Farms  for  Nortb  Daknti, 
190»,  p.  30. 
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is  supported  by  the  fact  that  the  first  wheat  crop  following  the  com 
returned  on  an  average  a  profit  of  $3.81  per  acre  while  the  second 
returned  but  $1.86.  This  would  indicate  that  51  per  cent  of  the 
profit  obtained  from  the  first  wheat  crop  was  attributable  to  the 
fact  that  com  instead  of  wheat  preceded  it.  All  things  considered 
the  com  crop  has  been  the  most  profitable  of  any  in  the  rotation  for 
the  entire  period.  The  timothy  and  clover  crops  have  returned  a 
good  profit  in  the  years  when  a  stand  has  been  obtained,  but  a  stand 
has  been  obtained  but  two  years  in  five.  For  comparison  the  value 
of  the  fodder  has  been  calculated  in  the  years  that  ripe  com 
was  produced.  This  amounted  to  $6.04.  It  will  be  noted  the  crop  is 
much  more  valuable  when  calculated  on  the  'basis  of  husked  com. 
This  sliows  that  it  is  much  more  profitable  to  grow  a  variety  of  com 
that  will  ripen  than  to*  grow  a  late-maturing  variety  that  will  make 
only  fodder. 

(Jther  rotations  that  could  be  followed  on  this  soil  type  are  as  fol- 
lows: (1)  Com  1  year,  wheat  1  year,  oats  1  year,  and  alfalfa  3  years; 
(2)  com  1  year,  wheat  1  year,  broom-corn  millet  1  year,  and  alfalfa 
8  years;  (3)  com  1  year,  barley  1  year,  oats  1  year,  and  alfalfa  3 
years;  (4)  com  1  year,  broom-corn  millet  1  year,  wheat  1  year,  and 
timothy  and  clover  1  year;  (5}  com  1  year,  wheat  1  year,  barley 
1  year,  and  sweet  clover  1  year. 

Alfalfa  is  the  best  legume  crop  for  this  type  and  by  having  four 
fields,  one  of  which  is  in  alfalfa  for  three  years,  it  can  be  worked 
into  the  rotation.  It  is  possible  that  in  some  cases  more  than  two  grain 
crops  can  be  grown  after  a  cultivated  crop,  but  most  of  the  available 
data  indicate  that  the  third  and  succeeding  crops  are  very  uncertain, 
and  the  chances  are  against  their  being  profitable. 

The  Barnes  loam  has  an  average  value  of  about  $38  an  acre  for 
Che  land  alone,  but  the  improvements  sometimes  have  a  greater 
Talue  than  the  land.  Some  good  farms  on  this  type  are  held  fof 
more  than  $60  an  acre. 

BABifss  snur  loam. 

The  Barnes  silt  loam  is  a  dark-brown  to  black  silt  loam  to  heavy 
loam,  underlain  at  an  average  depth  of  about  12  inches  by  a  lighter 
brown  or  yellowish-brown  silty  clay  loam  or  loam,  often  showing  a 
shade  of  green  and  always  highly  calcareous.  The  deeper  subsoil 
usually  is  somewhat  heavier  and  spotted  with  accumulations  of  soft 
lime  carbonate.  Some  crystalline  stones  and  bowlders  occur  on  the 
surface  and  in  the  soil.  About  10  per  cent  of  the  rock  fragments  oci 
the  surface  are  limestone,  and  the  rocks  embedded  in  the  soil  usually 
are  incrusted  with  lime.  The  subsoil,  at  depths  ranging  from  1  to 
2i  feet,  effervesces  with  acid.    The  drift  giving  rise  to  this  type  was 
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laid  down  under  the  ice  sheet,  where  it  was  leveled  and  subjected  to 
the  action  of  water  from  the  melting  ice. 

The  topography  is  level  to  undulating  and  the  land  usually  is  veU 
drained  as  a  result  of  the  natural  slope  and  existence  of  many  de- 
pressions. On  slopes  the  soil  layer  is  often  thinner  than  typical,  and 
in  sags  the  dark-brown  color  may  extend  to  a  depth  of  20  incb^ 
Practically  all  .the  type  is  available  for  agriculture,  and  it  constitutes 
the  best  upland  soil  in  the  county.  Farm  buildings  are  good  and  there 
is  a  general  appearance  of  prosperity  in  regions  where  the  Barnes 
silt  loam  is  the  prevailing  type.  It  comprises  the  greater  part  of  the 
glacial  soil  of  Wright,  Yorktown,  Hudson,  Port  Emma,  James  River 
Valley,  Clement,  and  Bear  Creek  Townships.  Several  sections  of  this 
type  occur  5  to  8  miles  north  of  Fullerton;  a  large  body  lies  between 
Ellendale  and  the  Maple  River;  and  other  important  areas  occur oi 
the  gentle  slope  below  the  Missouri  Plateau.  In  many  places  it  li 
difficult  to  separate  this  type  from  the  adjoining  Barnes  loam.  Thest 
two  soils  are  comparable  in  physical  characteristics  and  in  genera 
value.  However,  the  Barnes  silt  loam  is  very  seldom  spotted  o: 
associated  with  sandy  loam  soils,  while  patches  of  such  soils  art 
common  in  areas  of  the  Barnes  loam. 

The  Barnes  silt  loam  soil  has  a  very  smooth  feel,  due  to  the  10  U 
15  per  cent  of  organic  matter  present.  This  high  organic-matte 
content  sometimes  causes  the  soil  to  seem  lighter  than  it  really  is 
while  on  the  other  hand  it  masks  the  sandiness  of  lighter  phases  o 
the  type.  Heavier  phases  clod  when  plowed  too  wet,  but  the  clod 
are  fairly  easy  to  pulverize  by  disking  and  harrowing.  Both  th 
soil  and  subsoil  are  retentive  of  moisture,  as  is  the  underlying  till 
which  extends  to  depths  of  20  to  100  feet  before  shale  is  encountered 
Only  insignificant  alkali  spots  occur  in  this  type. 

From  70  to  80  per  cent  of  the  area  of  this  type  is  devoted  to  smal 
grains,  while  something  less  than  10  per  cent  is  used  for  hay  o' 
forage.  In  this  system  of  grain  farming  it  is  often  necessary  fa 
the  farmers  to  buy  feed  for  the  work  .stock.  Wheat  is  the  leading 
cereal  and  the  chief  money  crop.  Taking  good  and  bad  seasons  the 
yield  averages  about  15  bushels  per  acre.  Some  of  the  best  land  often 
produces  more  than  20  bushels  per  acre,  and  yields  of  35  to  40  bushels 
are  sometimes  reported.  Barley  would  probably  give  better  yields 
if  it  were  given  the  same  attention  as  wheat.  Even  with  late  seed- 
ing it  averages  22  bushels  per  acre,  and  under  exceptionally  favorable 
conditions  it  produces  40  to  45  bushels.  Flax,  the  crop  usually  sown 
on  newly  broken  land,  yields  an  average  of  8  or  9,  with  a  maximum 
of  15  to  20,  bushels  per  acre.  The  acreage  of  com  is  steadily  increas- 
ing as  the  bad  effects  of  growing  wheat  year  after  year  on  the  same 
land  are  more  generally  recognized.  Early  maturing  varieties  well 
suited  to  this  climate  are  being  introduced,  and  many  silos  are  being 
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erected.  The  average  yield  per  acre  is  about  28  bushels,  but  40 
bushels  or  more  may  be  obtained.  A  large  acreage  of  oats  is  grown 
each  year,  chiefly  for  horse  feed.  Oats  ordinarily  yield  about  82 
bushels  per  acre,  with  maxuniun  yields  of  about  50  bushels  on  the 
best  land  during  favorable  seasons.  Potatoes  are  grown  for  home 
use  and  to  supply  local  markets.  They  average  nearly  90  bushels 
I>er  acre,  and  some  farmers  report  yields  of  150  to  200  bushels.  The 
niunber  of  cattle  kept  on  this  type  is  increasing.  Millet  and  brome 
g^ass  yield  about  1^  tons  of  hay  per  acre.  Timothy  and  clover 
are  of  minor  importance  and  yield  about  a  ton  of  hay  per  acre.  Al- 
falfa is  grown  on  a  very  small  scale,  and  yields  about  2  tons  of  hay 
per  acre.  This  crop  diould  have  a  more  important  place  in  the 
present  system  of  farming. 

The  Barnes  silt  loam  has  a  comparatively  high  water-holding 
capacity.  The  upper  40  inches  of  the  soil  is  capable  of  retaining 
the  greater  proportion  of  the  average  rainfall  of  the  region.  For 
this' reason  there  is  very  little  percolation  through  this  soil,  and  if 
the  surface  material  is  kept  in  a  granular  condition,  so  that  it  will 
absorb  the  rainfall,  there  need  be  little  loss  of  water  where  the  crops 
are  grown  in  such  sequence  that  the  water  in  the  soil  will  be  utilized 
and  not  allowed  to  evaporate. 

This  soil  is  especially  suited  to  small-grain  production,  but  as 
these  crops  have  been  grown  almost  exclusively  since  the  land  was 
broken,  satisfactory  yields  have  not  always  been  obtained  on  some 
farms  on  this  soil  type  in  recent  years.  In  its  native  state  this  soil 
contained  a  large  amount  of  organic  matter.  Practically  no  manure 
has  been  added  and  very  few  grass  or  legume  crops  grown  to  keep  up 
this  supply.  The  only  organic  matter  remaining  is  that  which  has 
withstood  decay  during  the  time  the  land  has  been  under  cultivation. 

The  soil  must  be  improved  by  the  growing  of  legume  and  grass 
crops  and  cultivated  crops  in  the  rotation.  In  addition  to  this  all 
roughage,  such  as  straw,  etc.,  should  be  converted  into  manure  and 
returned  to  the  soil.  Com  or  some  other  cultivated  crop  should  be 
grown  once  in  four  or  five  years,  and  if  possible  some  hay  crop 
should  be  grown  at  least  that  often.  Alfalfa  could  be  worked  into 
the  rotation  slowly  by  leaving  it  down  for  four  or  five  years  and 
then  plowing  it  under  and  using  on  this  field  the  rotation  followed 
on  the  remainder  of  the  farm.  Alfalfa  can  be  grown  on  another 
field  in  the  meantime.  The  manure  produced  when  the  alfalfa  is 
fed  qkn  be  applied  to  such  parts  of  the  farm  as  may  be  in  need  of  it 
in  order  to  be  kept  in  a  well-balanced  state  of  fertility. 

A  demonstration  farm  has  been  located  on  this  soil  type  in  the 
N.  W.  i  sec.  30,  T.  131,  B.  59  since  1910. 

The  time  it  was  broken  up  as  prairie  sod  is  unknown,  but  it  probably  was 
in  the  earlj  eigbtigj.    Since  the  q;>ring  of  1910  it  has  been  cropped  with  wheat. 
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oats,  barley,  and  millet  It  has  nerer  been  manured.  It  has  Dev^r  b^n  In  t 
cultivated  crop,  and  is  not  infested  witli  any  noxious  weeds  with  the  exception 
of  wild  oats,  although  these  are  quite  abundant 

A  5-year  rotation  consisting  of  com,  1  year;  durum  wheat,  1  year; 
oats  or  winter  rye,  1  year;  Blue-stem  wheat,  1  year  (nurse  crop  for 
timothy  and  clover) ;  timothy  and  clover  or  oats  and  peas,  1  year, 
was  planned  for  this  farm.  This  rotation  has  been  followed  as 
closely  as  possible.  Ten  loads  of  stable  manure  per  acre  have  been 
applied  to  the  land  for  the  com  crop.  The  last  of  the  five  plots  was 
manured  for  the  com  crop  of  1914. 

It  will  be  noted  that  com  has  ripened  in  four  years  of  the  five, 
the  average  yield  being  24.25  bushels.  When  figured  at  the  average 
farm  price  for  com  in  North  Dakota  in  the  years  in  which  it  was 
grown,  this  gave  an  average  return  of  $12.18  per  acre.  Valued  at 
its  fodder  equivalent,  the  crop  was  worth  but  $6.13  per  acre,  1|  toos 
of  fodder  being  considered  equal  in  value  to  1  ton  of  hay. 

Durum  wheat  following  the  com  has  produced  an  average  yield  of 
20.49  bushels  per  acre,  worth  $16.58.  This  crop  was  grown  in  the 
best  place  in  the  rotation  for  small  grain,  and  returned  a  larger 
income  than  any  other  crop  in  the  rotation.  Oats  were  grown  in 
1910  and  1911,  two  very  dry  years,  so  that  the  yields  are  no  doubt 
below  what  could  be  expected  in  an  ordinary  year  on  this  soil  type. 
Rye  grown  in  1912,  1913,  and  1914  produced  an  average  yield  of 
18.41  bushels,  worth  $10.88.  Blue-stem  wheat  following  oats  or  rye 
has  averaged  but  11.81  bushels  per  acre,  worth  $9.42. 

All  crops  were  produced  at  a  good  profit  in  1912  and  a  fair  profit 
in  1913.  With  the  exception  of  the  millet  hay,  all  crops  returned  a 
good  profit  in  1914.  As  an  average  durum  wheat  has  been  the 
most  profitable  crop.  This  is  largely  due  to  the  fact  that  it  occupies 
the  place  in  the  rotation  that  is  most  favorable  for  small  grain,  and 
a  large  part  of  the  profit  is  attributable  to  the  cultivation  given  the 
corn  crop  during  the  previous  season. 

Some  other  rotations  suggested  for  this  soil  are  as  follows: 
(1)  com  1  year,  wheat  1  year,  wheat  1  year,  oats  1  year,  alfalfa 
4  years;  (2)  com  1  year,  wheat  1  year,  barley  1  year,  oats  1  year, 
brome  4  years;  (3)  corn  1  year,  wheat  1  year,  broom  corn  1  year. 
barley  1  year,  alfalfa  4  years ;  (4)  com  1  year,  wheat  1  year,  wh€at 
1  year,  oats  1  year,  alfalfa  4  years;  (5)  corn  1  year,  wheat  1  year, 
oats  1  year,  winter  rye  1  year,  alfalfa  4  years;  and  (6)  com  1  year, 
wheat  1  year,  winter  rye  1  year,  oats  1  year,  and  oats  and  peas  (hay) 
1  year. 
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While  these  rotations  might  not  be  suited  to  many  farms  on  this 
type  of  soil  at  this  time,  they  could  be  followed  with  profit  on  many, 
if  the  farm  could  be  supplied  with  the  necessary  live  stock. 

The  average  value  of  the  Barnes  silt  loam  is  about  $87  an  acre, 
but  some  well-improved  farms  are  held  for  as  much  as  $75  an  acre. 

Sesults  of  mechanical  analyses  of  samples  of  the  soil  and  subsoil 
of  the  Barnes  silt  loam  follow : 

Mechanical  analyseg  of  Bame$  9ili  loam. 
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The  soil  of  the  Barnes  silty  clay  loam,  to  a  depth  of  10  to  12  inches, 
is  a  black  or  very  dark  brown  silty  clay  loam.  This  is  underlain  by 
dark  grayish  brown  or  drab  silty  clay  loam  or  silty  clay  which  with 
increasing  depth  gradually  becomes  yellowish  brown  mottled  with 
gray  and  rusty  brown.  This  type  occurs  in  shallow  depressions  in 
positions  much  like  those  of  the  Fargo,  but  the  soil  differs  from  the 
latter  in  having  better  drainage.  Around  and  north  of  Forbes  there 
are  areas  of  this  type  so  large  that  their  occurrence  in  depressions  is 
not  perceptible.  Such  areas  apparently  were  formed  by  the  depo- 
sition of  the  finest  materials  carried  by  the  small  streams  which  rise 
in  the  hills.  These  small  streams  may  disappear  in  a  wide  flat  of 
the  silty  clay  loam  from  which  one  or  more  draws  continue  the  drain- 
age toward  lower  lying  land,  eventually  joining  the  Elm  River. 
There  is  a  slight  ridge  of  the  Barnes  silt  loam  just  east  of  Forbes 
which  cuts  off  the  drainage  in  that  direction  and  is  largely  responsible 
for  the  formation  of  considerable  areas  of  this  type.  In  this  section 
of  the  county  the  Barnes  silty  clay  loam  merges  with  the  silt  loam 
type,  and  the  two  soils  are  difficult  to  separate.  Spots  of  both  heavier 
and  lighter  soil  are  of  common  occurrence  in  this  type.  Some  areas 
of  the  type  are  heavy  enough  to  cause  difficulty  in  cultivation,  except 
at  times  when  the  moisture  conditions  are  just  right. 

The  Barnes  silty  clay  loam  has  about  the  same  crop-producing 
power  and  the  same  average  value  as  the  Barnes  silt  loam.  Wheat 
yields  12  to  15  bushels,  oats  27  to  30  bushels,  barley  18  bushels,  and 
com  about  25  to  30  bushels  per  acre,  imder  present  systems  of  man- 
agement. This  type  has  a  much  greater  productive  capacity  than 
these  yields  would  indicate,  and  would  produce  better  yields  if  the 
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land  were  cleared  of  weeds  and  crops  grown  in  proper  rotati<ML 
This  soil  is  more  difficult  to  cultivate  than  other  members  of  the 
Barnes  series. 

Areas  of  this  type  near  Forbes  are  valued  at  about  $25  and  those 
near  Kulm  at  $30  or  more  an  acre. 

Eesults  of  mechanical  analyses  of  samples  of  the  soil  and  subsoil 
of  the  Barnes  silty  clay  loam  are  given  below : 

Mechanical  analyscM  of  Borneo  siltp  day  loam. 
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The  following  samples  contained  more  than  one-half  of  1  per  cent  calciom  carbonitt 
(CaCOs)  :  No.  361404,  1.22  per  cent ;  No.  861405,  1.93  per  cent. 


WnJJLAUB  mVE  6ANDT  LOAM. 


To  a  depth  of  10  or  12  inches  the  soil  of  the  Williams  fine  sandy 
loam  is  a  dark-brown  to  very  dark  brown,  mellow  or  loose  fine  sandy 
loam.  The  subsoil  is  a  light-brown  fine  sandy  loam  to  loam,  quickly 
becoming  light  gray  in  color  or  heavily  spotted  with  grayish  white 
with  depth.  The  subsoil  effervesces  in  acid,  and  the  soil  occasionally 
shows  faint  effervescence. 

This  type  includes  several  variations.  The  greater  part  of  it  has 
a  rolling  to  rough  morainic  topography,  with  an  abundance  of  stone 
on  the  surface  and  with  large  quantities  of  coarse  sand  and  fine 
gravel  in  the  soil.  Near  the  Plateau  and  on  its  east  slope  it  is  often 
difficult  to  separate  this  type  from  Bough  broken  land,  and  the 
boundary  between  the  two  is  more  or  less  arbitrary.  Notwithstand- 
ing the  loose  structure  and  the  texture  of  this  type  and  its  steep 
slopes,  it  is  not  subject  to  erosion,  because  of  its  heavy  sod  and 
high  organic-matter  content  and  the  lack  of  heavy  rainfall  in 
this  region.  Some  areas  of  the  type  have  a  more  uniform  texture 
and  smoother  topography.  Such  areas  occur  in  the  vicinity  of  large 
depressions,  and  seem  to  have  been  modified  by  sand  blown  from  the 
beaches.  In  places  the  subsoil  is  not  uniformly  gray,  and  the  sand 
is  quite  deep.  One  large  area  of  this  kind  northwest  of  Wirch  has 
been  classified  as  Valentine  fine  sandy  loam.  Northwest  of  White 
Stone  Battlefield  the  Williams  fine  sandy  loam  approaches  the  tex- 
ture and  topography  of  the  Williams  loam. 

Large  fields  can  not  be  laid  out  on  the  Williams  fine  sandy  loam  be- 
cause of  the  uneven  topography,  but  the  farmers  of  this  section 
utilize  a  large  part  of  the  type.    This  land  was  the  last  in  the  county 
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to  be  occupied.  Much  of  it  is  15  miles  from  any  railroad  and  up  to 
six  years  ago  there  were  no  graded  roads  into  the  hills  northwest  of 
Forbes.  There  are  a  number  of  springs  and  small  lakes  scattered 
through  this  region,  making  it  in  its  native  state  a  desirable  grazing 
country.  It  supports  more  stock  than  most  other  parts  of  the  county. 
About  a  ton  of  prairie  hay  per  acre  is  obtained  from  the  hill  land, 
and  2  tons  from  the  depressional  areas.  The  soil  is  new  and  produces 
good  yields  of  flax,  oats,  wheat,  and  com.  Yields  of  6  or  7  bushels 
of  flaxseed,  20  to  25  bushels  of  com,  10  bushels  of  wheat,  and  22 
bushels  of  oats  per  acre  are  obtained.  This  land  has  an  average 
value  of  $20  to  $25  an  acre. 

The  following  table  gives  the  results  of  mechanical  analyses  of 
samples  of  the  soil  and  subsoil  of  the  Williams  fine  sandy  loam: 

MeeJutnical  analyses  of  WiUiams  fine  sandy  loam. 


Kamber. 

Description. 

Fine 
gravel. 

CoAfse 
sand. 

Medium 
sand. 

Fine 
sand. 

Very  fine 
sand. 

Silt. 

Clay. 

S5141iB 

Son 

Percent. 

3.0 

.8 

Percent. 
7.6 
1.8 

Percent. 
6.9 
1.4 

Percent. 

3L3 

7.6 

Percent. 
10.6 
12.8 

Percent. 
84.7 
610 

Percent. 
7.7 
2Ql6 

3514101 

SulMoU 

The  following  samples  contained  more  than  one-half  of  1  per  cent  calcium  carbonate 
<CaCQs)  :  No.  8514102,  0.72  per  cent ;  No.  8514103,  24.45  per  cent 

WILLIAMS  GBAVELLT   LOAM. 

The  Williams  gravelly  loam'  is  indicated  on  the  soil  map  by  gravel 
symbols  in  Williams  fine  sandy  loam  color.  The  soil  is  a  very 
dark  brown,  medium  to  coarse  sandy  loam  containing  considerable 
fine  gravel.  The  subsoil  is  encountered  at  a  depth  of  about  8  inches, 
and  consists  of  a  grayish-brown  gravelly  loam  to  a  grayish-white, 
hi^y  calcareous  earthy  gravel.  The  soil  contains  considerable  lime 
carbonate.  The  topography  usually  is  rolling  and  morainic.  In 
places  it  occurs  as  gravelly  knolls  surrounded  by  sags  of  heavier  and 
deeper  soil.  Some  areas  represent  outcrops  of  gravel  on  the  slopes  of 
hills  with  heavier  soils  both  above  and  below  them.  The  gravel 
from  which  this  type  is  derived  is  piled  in  rough,  morainic  forms, 
bnt  in  places  shows  some  stratification,  like  large  kames.     (See  PI. 

II,  fig.  1.) 

The  smoother  areas  of  this  type  occur  in  Grerman  Township,  while 
the  rougher  areas  are  scattered  over  the  plateau  around  and  south  of 
Wirch.  The  better  areas  produce  5  or  6  bushels  of  wheat  per  acre, 
and  proportionate  yields  of  other  crops,  but  most  of  the  type  is  not 
suited  to  agriculture,  being  steep,  stony,  and  droughty.  It  affords 
scant  pasturage.   The  average  value  of  this  type  is  $10  to  $15  an  acre 
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The  soil  of  the  Williams  loam  is  a  dark-brown  to  very  dark  broim 
or  occasionally  black,  mellow  loam,  12  inches  deep,  grading  through 
a  few  inches  of  brown,  compact  loam  into  a  grayish-white  or  pale 
yellowish  gray,  friable  loam.  The  lower  subsoil  is  pale  yellow,  gray- 
ish yellow  or  light  brown,  and  is  usually  more  compact  than  the 
overlying  material.  The  subsoil  contains  a  high  percentage  of  lime 
carbonate  and  usually  effervesces  with  acid  nearer  the  surface  than 
the  corresponding  type  of  the  Barnes  series.  Some  small,  angular 
rock  fragments  are  often  present  in  the  soil  section.  In  iSat  areas 
the  light-gray  layer  is  not  encountered  at  a  depth  of  less  than  20 
inches,  but  on  slopes  and  knolls  the  gray  color  is  often  reached  near 
the  surface,  and  may  extend  to  a  depth  of  3  feet  or  more. 

The  Williams  loam  corresponds  in  many  ways  to  the  Barnes  soils, 
but  differs  from  them  in  its  light-gray  and  more  highly  calcareous 
subsoil,  uniformly  higher  elevation,  and  somewhat  thinner  soil  layer. 
Many  small  spots  in  the  Barnes  soils  have  Williams  characteristics, 
while  small  areas  of  soil  with  Barnes  characteristics  occur  within 
the  WUliams  areas.  The  Williams  soils  are  very  well  drained,  so 
that  the  gray  color  is  not  due  to  water-logged  subsoils,  but  to  a  high 
content  of  lime  and  the  lack  of  iron  oxide  in  the  subsoil.  Cuts  in 
Williams  material  often  do  not  retain  the  light-gray  color,  but  oxi- 
dize to  a  pale  yellowish  brown. 

Most  of  the  Williams  loam  occurs  in  one  large  body  in  the  north- 
western corner  of  the  county.  Another  large  area  occurs  south  of 
White  Stone  Battlefield,  while  a  few  small  areas  are  found  near  and 
to  the  south  of  Wirch.  The  topography  is  gently  tmdulating  to 
rolling,  and  the  type  is  well  suited  to  the  use  of  ordinary  farm 
madiinery.  Some  large  depressions  and  also  a  few  morainic  hills 
occur  in  this  type. 

The  Williams  loam  is  as  good  an  agricultural  soil  as  the  Barnes 
bilt  loam,  and  it  is  said  that  crop  failures  are  less  frequent  on  the 
plateau  than  on  the  level  prairie.  The  type  is  easy  to  cultivate,  is 
not  drifted  by  the  wind,  and  holds  moisture  well.  Wheat  3'^ields 
about  14  bushels,  oats  85  bushels,  barley  25  bushels,  com  30  bushels, 
rye  18  bushels,  and  potatoes  85  bushels  per  acre.  Yields  of  25  to  40 
bushels  or  more  of  wheat  per  acre  are  reported,  and  other  crops  do 
equally  well  in  favorable  years. 

The  average  value  of  this  type  is  $32  to  $36  an  acre,  and  well- 
improved  and  favorably  located  land  is  held  for  a  much  higher  price. 

Results  of  mechanical  analyses  of  samples  of  the  soil  and  subsoU 
of  this  type  are  given  in  the  following  table; 
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Nmnbv. 

Besoriptloii. 

FtaM 
sraytl. 

Coaxw 
sand. 

Modlnm 
sand. 

FixM 
aamL 

Vvyflna 
sand. 

Sflt. 

Clay. 

S5142t 

Soil 

Percent. 
1.0 
1.6 

Per  cent, 
a.7 
4.0 

Percent. 
S.4 
X4 

Percent. 
10u2 
IQlO 

Percent. 

1L4 

9.2 

Percent. 
48.6 
40.0 

Percent. 
15.6 

851427 

Sobfloll. 

28.7 

■DOELET  L0A3C. 

The  Edgeley  loam  has  a  surface  soil  which  is  dark  brown  to  nearly 
black  in  color,  loose  and  mellow  in  struGture,  and  8  to  12  inches  deep. 
The  subsoil  is  a  light-brown  or  dull  grayish  brown,  calcareous  loam. 
The  type  has  the  same  physical  characteristics  as  adjoining  areas  of 
Barnes  loam,  but  is  distinguished  from  it  by  the  occurrence  of  beds  of 
shale  rock  within  5  feet  of  the  surface  and  the  admixture  of  consider- 
able quantities  of  shale  fragments  with  the  glacial  drift  from  which 
the  soil  is  derived. 

The  Edgeley  loam  occurs  only  in  a  narrow  belt  which  begins  near 
Edgeley,  in  Lamoure  County,  and  extends  southward  across  Dickey 
County  through  range  64,  continuing  a  long  distance  into  South 
Dakota.  This  strip  varies  from  about  1  mile  to  2  miles  in  width 
and  is  regarded  as  the  poorest  land  in  the  county.  The  presence  of 
shale  seems  to  have  a  bad  effect  on  the  water-holding  capacity  of  the 
soil  The  topography  is  level  or  gently  undulating,  with  a  few  low 
morainic  knobs  and  ridges  breaking  the  monotony  of  the  plain. 

The  rougher  areas  of  the  Edgeley  loam  are  devoted  largely  to  the 
production  of  wild  hay  and  to  pasture,  while  the  crops  common  to 
the  region  are  grown  on  the  smoother  areas.  Only  fair  yields  are 
obtained.  The  line  of  separation  between,  the  Edgeley  and  Barnes 
soils  is  not  distinct,  and  along  the  boundary  the  Barnes,  as  mapped, 
is  poorer  and  the  Edgeley  somewhat  better  than  typical.  The  type 
produces  from  7  to  10  bushels  of  wheat,  12  to  16  bushels  of  barley, 
about  16  bushels  of  oats,  and  15  to  17  bushels  of  com  per  acre,  under 
present  systems  of  management. 

The  type  is  quite  variable.  As  previously  noted  the  depth  to  the 
shale  makes  the  land  spotted,  and  fields  which  look  quite  uniform 
in  the  surface  produce  crops  that  are  very  uneven.  Examination 
of  these  spots  shows  considerable  variation  in  the  soil.  An  examina- 
tion of  this  type  of  soil  on  which  good  and  poor  oat  crops  were 
growing  showed  that  there  was  considerable  variation  in  the  content 
of  soluble  salts  or  alkali  in  different  spots.^ 

^N.  D.  Agr.  Expt.  SU.  Special  BnUetln  (Food  Department),  yoL  11,  No.  4,  April,  1912, 
pp.  5S  to  68, 
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Alkali  in  Bdpeley  loam  toil  grawi/ng  good  and  poor  oaU, 


Depth. 

Total  wster-iolalde 
ftlksUayti. 

Sodiiim  outMoatc 

a«d«t» 

Pocroftti. 

Qoodoati. 

PooroHi 

0  to  0  Inches 

PireefU. 
0.124 
.210 
.280 

PtreaiL 
0.136 
1.740 
8.910 

PtreenL 
0.0M 
.122 
.100 

Per  COL 

a(i6s 

0  to  19  Inches 

.Ul 

19  to  30  Inches 

.uo 

It  will  be  noted  that  the  soluble-salt  content  is  much  higher  in  the 
soil  growing  the  poor  oats.  These  soil  samples  were  taken  from  tiie 
same  field  within  10  feet  of  each  other;  this  serves  to  illustrate  the 
variability  of  the  type.  The  largest  amount  of  alkali  is  found  in 
the  third  depth,  indicating  that  the  leaching  from  above  and  the  Jack 
of  drainage  below  have  caused  an  accumulation  at  this  point.  There 
seems  to  be  little  variation  in  the  amount  of  sodium  carbonate  present, 
which  would  indicate  that  other  salts,  such  as  chlorides,  sulphates, 
etc.,  constitute  the  greater  part  of  the  alkali  in  the  lower  depths.  A 
part  of  the  soluble  salts  may  be  of  such  a  nature  that  they  are  not 
toxic  to  plant  growth.    ' 

The  Edgeley  loam  mapped  in  the  southern  part  of  the  county  is 
slightly  finer  in  texture  than  that  in  the  northern  part.  The  surface 
soil  varies  from  a  loam  to  a  silt  loam  and  the  subsurface  layer  from 
a  loam  to  a  clay  loam.  The  type  is  quite  flat  in  topography  and 
resembles  alluvial  deposits  somewhat  where  small  watercourses 
meander  through  the  areas.  It  is  better  farming  land  than  that  in 
the  northern  part  of  the  county.  Almost  all  of  it  is  used  for  the  pro- 
duction of  hay  and  grains. 

While  small  areas  contain  considerable  alkali,  and  certain  areas  of 
the  type  are  no  doubt  lowered  in  crop-producing  capacity  by  the 
presence  of  alkali,  there  is  not  enough  seriously  to  injure  the  soil 
type  as  a  whole,  if  a  good  system  of  tillage,  crop  rotation,  and  manur- 
ing were  followed. 

While  fair  crops  of  small  grain  can  be  produced  on  this  type  in 
favorable  years,  forage  crops  can  be  used  to  good  advantage  in  the 
cropping  system.  Cultivated  crops  will  need  to  be  grown  frequently 
in  the  rotation. 

A  comparison  of  the  forage  produced  by  com,  brome  grass,  alfalfa, 
and  clover  on  this  type  of  soil  at  the  Edgeley  substation  is  shown 
in  the  following  table: 
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Yields  of  forage  crops  at  the  Bdgeiey  substation,* 


Orap. 


Com 

Bronu  grass 

AJfftm 

CJov«r. 


Nom- 
berof 
plots. 


23 
4 
2 
I 


Pounds  ptf  acra. 


1907 


3,340 
3,300 


1906 


3,010 
3,320 


560 


1900 


6,040 

4,380 

1,000 

00 


1010 


1,010 

1,130 

1,000 

850 


1911 


4,630 

1,370 

080 

00 


1913 


6,360 

3,050 

3,780 

00 


1918 


4,360 

3,580 

1,650 

600 


1014 


4,060 
3,643 
3,305 
3,480 


Avet- 
age. 


8,800 

3,670 

1,050 

626 


a  Bui.  110,  N.  D.  Agr.  Expt.  8ta.,  p.  179. 

Com  leads  in  the  amount  of  forage  produced  and  brome  grass  has 
yielded  more  than  alfalfa  or  medium  r^d  clover.  The  shale  subsoil 
seems  to  interfere  with  the  growth  of  the  large  root  system 
that  develops  when  alfalfa  produces  its  best  crop.  Even  though 
alfalfa  has  not  yielded  as  much  forage  as  com  and  brome  grass  it 
has  averaged  a  ton  of  hay  per  acre,  which  is  a  fair  yield  when  it  is 
remembered  that  alfalfa  has  a  higher  feeding  value  than  any  of  the 
other  forage  crops  grown  in  this  trial.  Medium-red  clover  has  been 
practically  a  failure.  Other  experiments  at  the  Edgeley  substation 
have  shown  that  sweet  clover  makes  a  good  growth  and  yields  well. 
The  average  yield  of  millet  of  different  varieties  has  ranged  from 
1.87  tons  to  2.94  tons,  Early  Fortune  giving  the  smallest  yield  and 
Hungarian  the  largest. 

The  yields  are  an  average  for  the  five  years  1903,  1904,  1905,  1908, 
and  1912.  The  rainfall  during  the  growing  period  in  these  years 
was  good  and  these  yields  are  probably  above  the  average  for  this 
soil  type.  In  1910  millet  was  a  complete  failure  on  this  type.  From 
these  results  and  the  experience  of  farmers  it  would  seem  that  broom- 
corn  millet  grown  for  seed  should  prove  to  be  a  profitable  crop  on 
this  type  if  it  can  be  marketed  to  good  advantage. 

Sweet  clover  has  been  grown  successfully  at  the  Edgeley  substa- 
tion for  several  years,  and  seems  to  be  one  of  the  most  promising 
legiime  crops  for  this  soil  type.  It  produces  a  good  yield  of  forage, 
is  a  good  pasture  crop,  and  one  of  the  best  green-manure  crops.  A 
good  stand  can  usually  be  obtained  with  a  nurse  crop,  and  being  a 
biennial  it  fits  into  crop  rotations  without  loss  of  time. 

TVhile  alfalfa  does  not  yield  as  well  on  this  soil  type  as  on  some 
of  the  other  types  of  the  county  it  can  be  grown  profitably.  It  will 
yield  a  good  crop  of  hay  and  conditions  are  favorable  for  seed  pro- 
duction in  this  region  in  most  years.  Good  yields  of  seed  and  forage 
tiave  been  produced  at  the  Edgeley  substation.  When  it  is  grown 
primarily  for  seed  the  experiments  at  this  station  indicate  that  the 
^est  results  will  be  obtained  if  it  is  seeded  in  rows  and  cultivated. 
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Where  the  farm  is  located  sufficiently  dose  to  a  shipping  point 
potatoes  should  prove  to  be  a  profitable  crop  on  this  soil  type.  At 
the  Edgeley  substation  the  average  yield  of  21  varieties  grown  in 
182  trials  during  the  period  of  1905  to  1912  was  98.9  bushels-  The 
highest  yield  of  any  variety  during  the  seven  years  the  trials  were 
carried  on  was  127.87  bushels  per  acre,  and  the  lowest  yield  of  any 
variety  for  this  period  was  79.76  bushels  per  acre.^  These  figures 
show  that  with  good  cultivation  and  a  good  variety  the  potato  crop 
is  profitable  on  this  soil  type  if  they  can  be  marketed  without  too 
great  an  expense. 

Rotations  that  would  be  suitable  for  this  soil  type  are  as  follows: 
(1)  Corn,  wheat,  oats,  and  sweet  clover;  (2)  potatoes,  wheat,  barley, 
and  sweet  clover;  (3)  corn,  wheat,  wheat,  and  alfalfa,  3  years; 
(4)  corn,  wheat,  oats,  and  brome  grass  3  years;  and  (5)  com,  w^heat, 
barley,  and  alfalfa  3  years. 

The  rotations  might  need  to  be  modified  to  suit  the  conditions  on 
individual  farms,  but  in  general  they  should  produce  fairly  good 
yields.  In  the  rotations  where  brome  grass  or  alfalfa  is  grown  on  one 
field  for  8  or  4  years  a  crop  of  flax  might  prove  to  be  a  profitable 
crop  to  seed  on  the  sod  the  first  year  it  is  broken.  In  case  this  is 
done  it  should  not  be  grown  oftener  than  once  in  six  or  eight  years  on 
the  same  field. 

The  average  value  of  this  land  is  $18  to  $20  an  acre. 

VALENTINE  FINE   SAND. 

The  Valentine  fine  sand  is  a  brown  to  very  dark  brown,  or,  in 
places,  black,  loose,  incoherent  fine  sand,  about  20  inches  deep,  under- 
lain by  lighter  brown  to  clean  and  colorless  fine  sand,  which  probably 
continues  to  great  depths  without  change.  In  areas  of  this  type  the 
wind  has  blown  the  sand  into  a  choppy  or  billowy  topography,  with 
mounds  rising  2  to  6  feet  above  the  hollows.  A  part  of  this  modifica- 
tion by  wind  has  taken  place  since  the  sod  was  first  plowed  in  the 
early  eighties,  and  wind  storms  still  carry  considerable  sand.  Gidlies 
2  or  3  feet  deep  have  been  eroded  in  plowed  fields,  and  cuts  in  sand 
dunes  show  an  old  sod  covered  with  several  feet  of  sand. 

This  type  is  mostly  confined  to  the  southeastern  comer  of  the 
county  and  to  an  area  north  of  Glover. 

Very  little  of  the  Valentine  fine  sand  is  cultivated.  Fields  that 
were  once  cultivated  have  largely  been  abandoned  to  weeds  and 
grasses.  Unbroken  areas  of  the  type  support  a  short  growth  of 
grass,  and  the  type  is  best  suited  for  pasture  land  or  for  hay  produc- 
tion. Alfalfa  probably  is  the  best  crop  for  this  soil,  where  a  good 
stand  can  be  obtained. 

^  N.  D.  Agr.  Bxt>t  Sta.,  Tenth  Annua  Report  of  the  Bdgeley  Substation,  1912,  p.  SS. 
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The  crop-producing  capacity  of  this  type  is  low  and  much  care 
must  be  taken  to  prevent  drifting.  A  fair  crop  of  com  could  be 
produced  in  some  years.  If  the  crop  can  be  removed  early  and 
v^inter  rye  seeded  and  top-dressed  with  an  application  of  fresh 
manure,  drifting  could  be  checked.  After  the  rye  crop  has  been 
removed  the  land  could  be  given  a  light  disking,  but  not  enough  to 
:over  the  stubble.  If  left  in  this  condition  until  the  following  spring, 
oats  could  be  seeded  as  a  nurse  crop  for  sweet  clover.  The  year 
following  the  oats,  the  land  would  be  in  sweet  clover.  The  sweet 
3lo\^r  could  be  followed  by  corn  or  potatoes,  the  land  being  spring 
plowed.  In  this  way  the  land  will  be  afforded  protection  during  the 
winter  and  only  one  plowing  in  4  years  will  be  required.  This 
would  make  the  rotation :  Com  and  potatoes  1  year,  winter  rye  1  year, 
oats  1  year,  and  sweet  clover  1  year. 

Durum  wheat  or  broom-corn  millet  might  be  substituted  for  the 
oats,  but  if  the  millet  is  used  it  should  be  seeded  lightly  or  it  may 
choke  out  the  sweet  clover.  Organic  matter  decays  rapidly  in  sandy, 
loose-structured  soil  like  this,  and  farm  manure  will  need  to  be 
applied  quite  frequently.  This  should  be  applied  where  it  will  help 
to  keep  the  soil  from  drifting,  but  it  should  eventually  be  mixed 
with  Uie  entire  plowed  layer.  It  should  not  be  plowed  under  for 
small  grain.  In  a  rotation  like  the  one  outlined  above  a  part  of  it 
could  be  plowed  under  for  com  and  a  part  used  as  top-dressing  for 
the  rye. 

A  variation  of  this  type  occurs  in  the  Lake  Dakota  region,  the 
largest  areas  being  in  sees.  11,  12,  and  13  in  T.  129,  B.  59,  bordering 
the  county  line.  The  soil  of  this  variation  is  a  brown  to  grayish- 
brown,  loose,  incoherent  fine  sand,  20  inches  deep,  underlain  by 
lighter  grayish  brown  to  clean  and  colorless  fine  sand,  which  con- 
tinues to  considerable  depths  without  change.  It  occurs  where  the 
wind  has  modified  the  sandy  lake-bed  material,  so  that  it  now  has 
a  choppy  or  billowy  topography  with  moimds  rising  2  to  6  feet 
about  the  hollows.  Part  of  this  modification  by  wind  has  taken  place 
since  the  sod  was  plowed  up  in  the  early  eighties,  and  even  now  the 
air  is  often  filled  with  sand  during  a  windstorm.  Holes  or  "blow- 
outs," 2  or  3  feet  deep,  have  been  eroded  in  plowed  fields,  and  cuts 
in  sand  dimes  show  an  old  sod  covered  with  several  feet  of  fresh 
sand.  Very  little  of  this  variation  is  now  cultivated.  Fields  that 
have  been  broken  are  largely  abandoned  to  weeds  and  grasses. 
Unbroken  areas  of  this  variation  are  covered  with  a  short  growth 
of  grass,  and  the  soil  should  undoubtedly  be  devoted  to  pasture  or 
hay.  Alfalfa  would  probably  be  the  best  crop  for  this  soil.  A 
stand  could  be  obtained  on  some  of  the  areas  if  it  were  seeded  a 
little  late  and  the  ground  covered  temporarily  with  a  light  covering 
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of  manure  or  straw  to  check  drifting  while  the  young  plants  are 
getting  a  start.  When  a  stand  is  obtained  the  field  should  be  main- 
tained as  long  as  possible.  After  the  alfalfa  has  once  established 
itself  it  will  keep  the  soil  from  drifting,  but  precautions  should  be 
taken  to  prevent  soil  drifting  onto  it  from  other  fields. 
This  land  is  valued  at  $10  to  $15  an  acre. 

r 

VALENTINE  FINE  SANDY  LOAIC. 

The  Valentine  fine  sandy  loam  is  a  dark-brown,  loose,  friable  fine 
sandy  loam,  14  to  20  inches  deep,  underlain  by  light-brown  or  yel- 
lowish-brown, loose,  porous  fine  sandy  loam.  The  subsoil  grades  into 
a  heavier  and  more  compact  loam  at  a  depth  of  30  inches  to  5  feet 
This  soil  is  of  quite  uniform  texture  and  usually  is  stone  free.  Large 
areas  of  the  type  in  range  63  are  derived  largely  from  a  sandy  glacial 
drift  which  has  been  modified  somewhat  by  both  water  and  wind. 
Other  areas,  such  as  those  2  or  3  miles  southeast  of  Fullerton,  ure 
plainly  derived  from  sands  which  have  been  carried  by  strong  north- 
west winds  from  sandy  river  bottoms  or  beaches  and  spread  over  the 
till  plain.  The  topography  usually  is  level  or  gently  undulating,  but 
is  rough  and  slightly  stony  along  the  low  Antelope  moraine  to  the 
north  of  Monango.  One  large  area  of  the  type  is  mapped  on  the 
Missouri  Plateau  several  miles  northwest  of  Wirch,  where  the  sandv 
deposits  are  quite  deep  and  the  subsoil  is  not  light  enough  in  color  tc 
warrant  classing  the  material  as  Williams  fine  sandy  loam.  Verr 
few  areas  of  this  type  occur  more  than  5  miles  east  of  the  Maple 
Eiver. 

The  Valentine  fine  sandy  loam  is  less  productive  than  soils  of  the 
Barnes  series,  since  its  sandy  texture  makes  it  less  capable  of  with- 
standing drought.  Its  low  value  is  due  also  in  part  to  the  destructive 
action  of  the  wind.  Like  all  the  sandy  soils,  this  type  is  infested  with 
Russian  thistle  and  other  weeds  wherever  the  land  is  not  covered 
by  a  thick  stand  of  crops.  Corn,  potatoes,  alfalfa,  and  sweet  clovei 
can  be  grown  successfully  on  this  type,  and  rotations  containing  these 
crops  would  help  to  keep  the  land  clean  of  weeds,  and  if  the  forage 
were  fed  and  the  manure  returned  to  the  soil  it  would  increase  in  pro- 
ductivity. Special  precautions  should  be  taken  to  prevent  the  drift- 
ing of  soil  of  the  corn  and  potato  land  during  the  winter  and  land  on 
which  alfalfa  has  recently  been  seeded.  A  light  application  of  ma- 
nure will  help  to  check  drifting  under  these  conditions.  Stubble  land 
would  probably  be  less  apt  to  drift  if  plowed  in  the  spring  shortly 
before  seeding.  Results  at  the  Edgeley  substation  seem  to  indicate 
that  if  stubble  land  is  free  from  weeds  fairly  good  yields  can  be  ob- 
tained without  plowing  loose  soils.  Plowing  tends  to  loosen  soils,  and 
as  these  soils  are  already  too  loose  a  cropping  system  shuld  be  devised 
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which  will  reduce  to  a  minimum  the  number  of  times  the  land  is 
plowed.  The  cultivation  given  com  and  potatoes  prepares  the 
best  kind  of  seed  bed  for  small  grain,  thus  eliminating  one  plowing. 
If  sweet  clover  is  seeded  with  this  small  grain  the  third  crop  can  be 
grown  with  one  plowing.  By  the  time  the  sweet  clover  field  is  ready 
to  plow,  the  following  spring,  the  soil  will  be  quite  compact  and  will 
contain  more  organic  matter  than  at  the  beginning,  especially  if  the 
land  was  manured  during  the  winter  it  was  in  com  stubble.  Oats 
and  durum  wheat  are  probably  the  best  small  grains  to  grow  on  this 
type.   Winter  rye  might  fit  into  some  rotations  .to  good  advantage. 

A  considerable  proportion  of  a  farm  on  this  type  should  be  in 
forage  crops.  Where  a  good  stand  of  alfalfa  has  been  obtained  it 
can  be  left  several  years.  Land  growing  alfalfa  is  accumulating 
organic  matter,  and  if  the  hay  is  fed  and  the  manure  is  returned 
considerable  nitrogen  is  added.  As  the  organic  matter  helps  to  hold 
the  soil  together  it  keeps  it  from  drifting,  and  as  nitrogen  is  the 
element  of  plant  food  that  .is  exhausted  most  rapidly  on  this  soil 
type,  this  increase  in  fertility  is  an  important  asset  in  the  growing 
of  alfalfa. 

Tlie  growing  of  sweet  clover  and  hog  millet  for  seed  might  prove 
profitable,  if  one  is  familiar  with  the  handling  and  marketing  of 
these  crops. 

This  type  has  an  average  value  of  about  $25  an  acre. 

B0T7GH  BBOKEN  LAND. 

Bough  broken  land  includes  nonagricultural  land  or  at  least  land 
that  is  too  rough  to  be  farmed  by  the  extensive  methods  practiced 
in  North  Dakota.  Some  areas  are  more  rocky  than  broken.  It  occurs 
as  long  strips  from  one-eighth  to  one-half  mile  wide  along  the  James 
Hiver  Valley  where  the  hills  are  rather  steep  and  gullied  and  include 
rocky  knolls.  A  few  small  areas  are  mapped  on  morainic  hills  east 
of  Oakes,  but  the  largest  bodies  are  encoimtered  on  the  slope  of 
the  Missouri  Plateau  in  the  western  part  of  the  county.  A  rise 
of  nearly  800  feet  takes  place  within  a  distance  of  1  to  8  miles, 
the  topography  being  broken  and  hilly.  A  number  of  draws  or 
^^  gulches  "  have  been  cut  in  this  slope,  but  erosion  is  not  now  active, 
as  all  but  the  steepest  bluffs  are  covered  with  thick  sod.  (See  PL 
II,  fig.  2.)  On  the  plateau  there  are  some  morainic  hill  areas  that 
are  sometimes  rough,  rocky,  and  gravelly  enough  to  be  unfit  for 
farming.  However,  the  farmers  of  this  region  utilize  many  small 
patches  of  land  for  agriculture.  Hay  is  cut  from  many  small,  irregu* 
larly  shaped  fields  in  the  Bough  broken  land  areas,  but  most  of  such 
land  is  used  for  pasture. 

Where  good  springs  or  lakes  are  present  this  land  sometimes  sells 
for  as  much  as  $20  an  acre,  but  without  these  it  is  valued  at  less  than 
$10  an  acre  for  pastora. 
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CHEMICAIi   CX)MPOSmON   OF   SOILS. 

In  the  following  table  are  given  the  results  of  complete  analyses 
of  several  of  the  more  important  soils  of  Dickey  C!ounty.  The  com- 
position of  the  soils  is  expressed  in  pounds  per  acre.  The  samples 
have  been  taken  in  three  depths — 0  to  7  inches,  representing  the 
surface  soil;  7  to  18  inches,  representing  the  subsurface  layer;  and  18 
to  40  inches,  representing  the  subsoil.  The  weight  of  the  surface  soil 
has  been  estimated  at  2,000,000  pounds,  the  subsurface  layer  at 
4,000,000  pounds,  and  the  subsoil  at  6,000,000  pounds.  In  taking 
samples  for  analyses  representative  areas  of  each  soil  were  selected 
and  several  borings  taken  to  make  a  composite  sample.  Several  such 
samples  were  taken  of  the  more  important  types. 


Chemical  analyses  of  the  more  imftortant  soUs  of  Dickey  County. 

UPLAND  SOILS-GLACIAL  AND  LOBSSL^L  PROVINCX. 

[Pounds  per  acre.] 


Soil  types. 


Barnes  silt  loam 

Bames  sllty  clay  loam 

Barnes  very  fine  sandy  loam . 

Williams  loam 

Williams  fine  sandy  loam 

Edgeley  loam 

Valentine  fine  sandy  loam 


Surfaoei  0  to  7  inches. 


Total 
nitro- 
gen. 


0,580 
7,710 
6,240 
7,460 
5pl00 
4,550 
3,240 


Tofal 
phos- 
phorus, 


1,234 
1,329 
1,076 
1,278 
1,014 
918 
854 


Lime- 
stone 
present 


713 
333 
609 
852 

2,410 
888 

4,680 


SahsttrIiEU»,7  to  1 8  inches. 


Total 
nitro- 
gen. 


6,640 
9,080 
5,560 
7,000 
4,400 
4,240 
3,200 


Total 

phos- 

pnoms. 


1,852 
2,034 
1,328 
1,856 
1,516 
1,346 
1,724 


Lime- 

stone 

present. 


20,883 

2,592 

327 

54,480 

97,156 

23,808 

290,560 


Snhsofl,  18  to  40  inefas. 


Total 
nitro- 
gen. 


4,314 
4,527 
4,140 
5,280 
3,960 
3,744 
2,140 


Total 

phos- 

phoms. 


2,882 
2,214 
2,628 
2,616 
2,148 
1,941 
2,622 


Limfr- 

stooe 

present. 


606, 9W 
363,973 
581,574 
546,162 
224.730 
614,112 
770,892 


TERRACE  AND  LAKE-BOTTOM  SOILS-GLACIAL  LAKE  AND  RIVER  TERRACE 

PROVINCE. 


Bearden  fine  sand 

Bearden  fine  sandy  loam . . . 
Bearden  very  fine  sandy  loam 


4,070 
4,100 
6,040 


1,005 

980 

1,082 


435 

13,620 
735 


4,900 
2,024 
7,040 


1,732 
1,488 
1,944 


70,180 
760,904 
1,471 


3,888 
1,920 
3,900 


2,586 
2,130 
3,574 


346,  :5I 

1,114,IU 

882,576 


BOTTOM-LAND  SOILS— RIVER  FLOOD  PLAINS  PROVINCE. 


Lamoureday 

Lamoure  silty  clay . 


7,440 
7,020 


1,330 
1,884 


18,682 
16,117 


7,560 
11,520 


2,252 
2,976 


177,060 
120,882 


7,620 
9,480 


3,654 
4,044 


559,732 
505,303 
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StTKMABT. 

Dickey  Countj  lies  along  the  southern  boundary  of  North  Dakota, 
about  70  miles  west  of  Minnesota.  It  has  an  area  of  1,1^  square 
miles,  or  780,880  acres.  The  county  comprises  three  main  physio- 
graphic divisions:  (1)  An  old,  sandy  lake  bed;  (2)  level,  treeless 
prairie;  and  (3)  a  high,  rolling  plain — ^the  Missouri  Plateau.  The 
lower  plain,  including  the  lake  bed  and  the  prairie,  ranges  in  elevation 
from  1,300  to  1,700  feet  above  sea  level,  and  the  elevation  of  the 
plateau  averages  about  2,000  feet  above  sea  leveL  On  the  plateau 
and  in  the  Lake  Dakota  basin  regional  drainage  has  not  been  estab- 
lished. The  remainder  of  the  county  is  imperfectly  drained  by 
streams  which  empty  into  the  James  Biver. 

The  total  population  of  Dickey  County  in  1910  was  9,839,  all  of 
which  is  classed  as  ruraL  The  two  principal  towns  are  EUendale, 
the  county  seat,  with  a  population  of  about  1,400,  and  Oakes,  with  a 
population  of  about  1,500.  The  coimty  is  well  supplied  with  trans- 
portation facilities. 

The  climate  is  characterized  by  long,  cold  winters  and  short,  cool 
summers.  The  mean  annual  temperature  is  reported  as  40^  F.  and 
the  mean  annual  precipitation  as  about  23  inches.  The  growing  sea- 
son averages  122  days. 

Agricultural  development  commenced  in  Dickey  Clounty  about 
1880.  After  12  or  14  years  of  pioneer  farming,  which  in  many  cases 
proved  unprofitable,  a  definite  system  became  established,  bi^ed  on 
the  production  of  wheat  as  the  money  crop,  with  oats  and  com  as 
feed  for  stock. 

Grain  farming  is  now  the  predominant  type  of  agriculture. 
Cereals,  chiefly  wheat,  flaxseed,  and  hay  and  forage  make  up  nearly 
90  per  cent  of  the  value  of  all  farm  products,  while  only  about  7  per 
cent  of  the  total  value  is  represented  by  live-stock  products.  Vege- 
tables, fruit,  and  poultry  and  dairy  products  are  of  minor  importance. 
Of  the  total  area  of  the  county  81.4  per  cent  is  reported  in  farms 
in  the  1910  census,  and  of  the  farm  land  69.6  per  cent  is  reported  im- 
proved. The  average  size  of  the  farms  is  given  as  546  acres.  The 
average  acreage  value  of  farm  land  is  given  as  $33.45.  About  73  per 
cent  of  the  farms  are  operated  by  the  owners.  The  adoption  of  scien- 
tific methods  of  farming  is  progressing  rapidly. 

The  soils  of  this  county  are  derived  from  glacial  drift,  either 
weathered  in  the  position  in  which  it  was  left  by  the  ice  or  trans- 
ported and  redeposited  as  glacial  stream  terraces,  as  recent  allu- 
vimn  or  as  seolian  deposits.  The  drift  consists  of  materials  derived 
from  granite,  limestone,  shale,  and  sandstone  of  many  formations, 
and  varies  from  a  thin  veneer  to  beds  80  or  90  feet  in  thidjpiess. 
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The  soils  are  classed  in  10  series,  including  28  types,  and  the  miscel- 
laneous type  Bough  broken  land. 

The  soils  of  the  glacial  drift  region,  covering  the  greater  part  of 
the  county,  are  classed  with  the  Barnes,  Williams,  and  Edgeley  series. 
The  glacial-lake  and  river-terrace  soils  are  the  Sioux,  Fargo,  Rogers, 
Maple,  Bearden,  and  Valentine  series,  the  last  being  composed  of 
wind-blown  material.  The  first-bottom  soils  are  classed  with  the 
Lamoure  series. 

The  Barnes  series  predominates  east  of  the  Missouri  Plateau,  afiil 
comprises  much  of  the  best  farming  land  in  the  county.  The  "WW 
liams  series  is  the  glacial  soil  of  the  Missouri  Plateau  and  is  cham- 
terized  by  a  light-gray  subsoil.  The  Edgeley  series,  represented  by 
the  loam  type,  forms  poor  agricultural  land,  the  soil  being  mixed  wiA 
shale  fragments  and  underlain  by  shale  rock  at  shallow  depths. 

The  Sioux  series  includes  river-terrace  soils  underlain  by  gratd 
beds,  and  when  these  lie  at  shallow  depths  the  water-holding  capadtj 
of  the  soil  is  somewhat  deficient.  The  Fargo,  Rogers,  and  Mapk 
series  are  lake-bed  soils  of  little  present  value  except  for  the  prodiie* 
tion  of  hay.  The  Rogers  soils  are  strongly  impregnated  with  alhii 
and  the  Maple  to  some  extent.  The  Valentine  series  is  made  up  oi 
sandy  wind-blown  material.  The  Bearden  series  includes  good,  non 
droughty  terrace  soils. 

The  Lamoure  soils  occur  in  the  first  bottoms  of  streams.    These 
are  deep,  strong  soils,  not  subject  to  drought. 

Rough  broken  land  comprises  arems  which  are  too  rough  and  rockv 
for  agricultural  use* 
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FOREWORD. 

One  of  the  most  important  questions  that  the  producer  has  to 
deal  with  is  that  of  finding  a  good  market  for  his  surplus  product 
but  of  no  less  importance  is  the  question  of  properly  determining 
the  true  grade  or  value  of  the  product,  and,  in  the  case  of  wheat, 
the  determination  of  the  proper  grade  is  of  great  moment  for  it 
may  mean  profit  or  loss,  according  to  whether  the  product  is  classed 
as  No.  1  or  No.  4  in  grade. 

In  order  to  have  a  correct  knowledge  of  the  value  of  wheat  we 
must  first  have  made  a  careful  study  of  wheat  as  produced  and 
placed  upon  the  market  in  any  given  locality,  covering  a  considerable 
period  of  time,  as  well  as  of  all  varieties  and  conditions  as  to  the 
effect  of  smut,  blight,  frosting,  bin-burning,  excessive  dampness, 
foreign  ingredients,  separable  and  inseparable,  as  well  as  the  value 
of  the  final  products  produced  from  the  wheat. 

Previous  bulletins  and  reports  contain  data  for  different  years 
since  1907,  and  in  the  present  bulletin  Mr.  Sanderson  presents  valu- 
able original  data  for  the  North  Dakota  wheat  crop  of  1915.  Tliis 
material  is  presented  as  prepared  in  June,  1916,  and  as  offering  a 
further  basis  for  discussion  and  study  of  the  question  now  so  prom- 
inently before  the  wheat  growers  of  North  Dakota.  The  discussioD 
by  Mr.  Sanderson  of  the  miller's  problems  and  of  the  relative  valuf 
of  the  different  grades  of  wheat  will  prove  enlightening  and  wortli 
thoughtful  consideration  by  those  who  have  to  do  with  the  settlhig 
of  the  farmers'  perplexing  problem  as  to  the  true  value  of  any 
particular  lot  of  wheat,  and  at  the  same  time  will  furnish  the  milled 
with  useful  knowledge  as  to  the  kind  of  product  that  may  be  ha«l 
from  the  individual  sample.  I  therefore  recommend  the  early  publi- 
cation of  this  material  in  accordance  with  the  provisions  of  ih 
Statute  authorizing  wheat  studies. 

E.  P.  LADD. 


V» 


THE  MILLING  AND  BAKING  DATA  FOR  THE  1915  CROP  OF  WHEAT 

By  Thomas  Sanderson 


The  data  from  all  of  the  samples  of  wheat  tested  by  the  station 
for  the  crop  year  1915  are  submitted.  The  fibres  in  the  tables  that 
follow  were  taken  from  the  original  report  on  the  individual  samples. 

The  number  of  tables  covering  this  data  could  be  reduced  by 
tabulating  by  classes  of  wheat,  but  as  some  of  the  classes  are  com- 
posed of  several  types,  the  tabulating  has  been  done  by  type  and 
by  grade  within  each  type.  Since  the  work  was  done  in  tiie  same 
way  last  year  including  all  the  data  accumulated  since  the  starting 
of  this  work  at  the  station,  it  was  thought  best  to  continue  in  the 
same  way.  The  factors  reported  in  these  tables  are  the  more  im- 
portant ones  for  a  general  study  of  quality  and  value. 

Tables  I  to  XXVIII,  inclusive,  represent  the  wheat  types 
by  grades  (as  designated  by  Minnesota  Inspection  Department) 
contained  in  what  is  called  the  Hard  Red  Spring  Class.  Tables 
XXIX  and  XXX,  Hard  Red  Winter  Class.  Tables  XXXI  to  XXXVII, 
Durum  Class.  Tables  XXXVIII  and  XXXIX  unclassified  samples. 
Tables  XL  to  XLVI  Semi  Hard  Red  Spring  Wheat  Class.  On  the 
Minnesota  market  this  last  type  would  almost  invariably  have  to 
be  sold  on  sample  or  be  classed  as  Western  Red,  and  in  either  case 
would  not  bring  the  market  price  of  the  Hard  Red  Spring  Class. 

For  a  fair  comparative  study  of  value  between  the  types  and 
grades  within  the  type,  and  the  classes,  it  would  be  necessary  to 
have  each  grade  and  type  within  the  class  represented  by  the  same 
number  of  samples,  and  these  samples  taken  from  the  same  general 
locality,  which  is  not  the  case  with  this  data.  These  samples  in  a 
general  w^ay,  may  be  compared  with  the  conditions  existing  at  any 
of  our  terminal  markets.  The  wheat  going  to  any  of  our  terminal 
markets  is  graded  and  classified  according  to  established  rules  re- 
gardless of  locality  as  far  as  the  State  of  North  Dakota  is  concerned. 
These  samples  have  been  received  from  the  different  localities  in 
the  state,  and  they  have  been  graded  according  to  the  established 
rules  employed  by  the  Minnesota  Grain  Inspection  Department.  A 
larger  percentage  of  the  wheat  received  here  is  true  to  type  than 
is  the  case  with  the  wheat  going  to  the  markets.  The  samples 
coming  here  from  the  Central  Station  the  Sub-Stations  and  the 
Demonstration  Farms  are  fairly  true  to  type  while  those  from  in- 
dividual farmers  are  often  badly  mixed  and  hard  to  typify. 

The  rule  of  the  inspection  department  seems  to  be  to  use  the 
Bluestem  type  as  a  standard  with  no  distinction  between  that  and 
Fife  and  Marquis,  but  to  make  a  difference  in  price  between  the 
Bluestem  and  Velvet  Chaff  of  ^  to  4  cents  per  bushel.  The  grading 
rules  are  also  more  stringently  applied  to  this  type,  making  the 
discrimination  against  it  about  2  to  8  cents  per  bushel. 

In  a  study  of  the  data  for  the  1915  crop  year,  I  find  only  two 
of  the  types  of  the  Hard  Red  Spring  Class  to  have  all  of  the  grades 
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represented,  namely  Bluestem  and  Fife.  Velvet  Chaflf  having  four 
grades  and  Marquis  five.  These  four  types  make  the  bulk  of  the 
Hard  Red  Spring  Class  with  about  the  same  variation  of  value 
within  the  grades  in  each  type.  A  wider  variation  is  sometimes 
found  within  the  grades  (that  are  represented  by  a  number  of  sam- 
ples) than  there  is  between  the  average  of  No.  1  Hard  and  Rejected 
in  any  type.  If  this  is  a  common  condition  then  the  system  of 
grading  is  a  mere  guess,  and  the  factors  employed  to  designate 
value  are  largely  fictitious  or  assumed.  This  same  point  is  borne 
out  in  the  results  of  the  work  done  at  this  Station  for  each  of  thf 
nine  years  during  which  this  work  has  been  in  progress. 

The  grain  trade,  the  miller  or  the  farmer  should  not  be  con- 
demned or  accused  for  the  wrong  that  appears  to  exist  in  the  present 
system  of  grain  grading.  This  system  has  grown  up  in  the  pas* 
30  to  35  years  as  a  result  of  the  increased  production  of  this  class 
of  wheat,  and  the  adoption  of  one  factor  of  quality  after  another, 
generally  accepted  by  the  trade  and  the  producer.  In  this  waj 
the  trade  has  accepted  this  system  which  is  now  in  use  and  quite 
generally  believed  to  be  the  best. 

Tt  mav  not  be  for  this  office  to  condemn  the  svstem  or  to  ever 
suggest  a  remedy;  and  it  is  advisable  that  caution  be  exercised  ir 
a  study  of  all  the  facts.  If  the  trade  is  satisfied  with  the  pricf 
paid  for  the  so  called  high  grade  wheat,  and  the  profits  from  millmc 
are  remunerative,  then  it  would  appear  that  the  injury  falls  on  the 
producer.  If  on  the  other  hand,  the  price  paid  for  the  so  called  lower 
crrades  of  wheat  is  just,  then  the  injury  falls  on  the  miller;  aT^d  mor^ 
especially  on  the  local  mills.  It  is  safe  to  say  that  no  mills  use  a 
ereater  proportion  of  high  grade  wheat  in  their  mixture  than  thf 
local  mills.  This  being  the  case  it  increases  the  proportion  of  lov 
firrade  wheat  going  to  the  terminal  market,  and  as  this  better  when' 
is  included  in  the  six  grades  above  mentioned  and  is  all  consume*! 
in  the  manufacture  of  flour,  it  does  not  reouire  one  schooled  in  highe' 
mathematics  to  see  why  the  local  North  Dakota  milling  business  i' 
so  hard  to  finance,  or  why  so  many  local  mills  are  standing  idle  an-"' 
are  offered  for  sale  for  less  than  their  cost. 

One  cent  per  bushel  is  not  very  much,  but  one  cent  per  hushf! 
profit  above  cost  of  manufacture  in  a  one  hundred  barrel  per  da^ 
mill  would  amount  to  about  $4.50  per  day  and  in  a  five  htindrd 
barrel  mill  would  be  about  $22.50  per  day.  Either  of  these  wonii 
be  a  very  small  unit  when  compared  with  some  of  the  large  mil? 
at  the  terminals  and  where  the  cost  of  manufacture  is  reduced  to  i 
minimum  this  profit  would  amount  to  millions  of  dollars  in  ar? 
crop  year. 

Tables  I  to  XXI,  inclusive,  contain  the  data  gathered  from  th' 
four  well  known  types  of  Hard  Red  Spring  Wheat,  on  which  this 
discussion  is  based. 

Tables  XXII  to  XXVIII  contain  the  data  of  some  other  typ« 
of  Hard  Red  Spring  that  are  new  in  this  locality,  some  of  them  havinf 
been  grown  but  one  year.  A  comparison  of  these  figures  show  som? 
of  them  to  have  promising  quality. 


MILLING  AND  BAKING  DATA  1915  WHEAT  70 


A  comparative  study  of  these  data  will  show  very  little  difference 
in  either  milling  or  baking  quality.     In  fact,  the  differences  might 
be   considered  within  the  scope   of  experimental   error — when   con- 
sidering the  average  results  of  the  type  regardless  of  grade.     The 
Bluestem  and  Fife  have  the  six  grades  represented;  the  Velvet  Chaff 
four  grades  and  the  Marquis  five  grades.     Without  considering  the 
grades  represented  and  taking  the  average  of  the  total  results,  there 
is  but  1%%  difference  in  amount  of  flour  produced;  the  Fife  and 
Marquis  being  the  same;  Velvet  Chaff  second,  Bluestem  tiiird.     The 
other  highly  .important  factor  in  milling  results  is  the  loss  in  milling 
in  which  the  Fife  and  Marquis  are  again  equal;  Bluestem  second; 
Velvet  Chaff  third.    In  baking  results  Marquis  is  first;  Velvet  Chaff, 
second;  Fife,  third;  Bluestem,  fourth,  and  if  these  results  were  ob- 
tained from  a  single  sample  rather  than  from  a  number  of  samples, 
we  would  say  that  they  were  near  enough  to  be  within  the  bounds 
of  experimental  error,  except  perhaps  in  absorption  and  color,  which 
is  greater  than  would  be  expected.     The  value  per  bushel  of  the 
wheat  based  on  Bluestem  as   standard   and  according  to   the  mill 
products  produced  would  be  as  follows:     Bluestem  $0.9887;  Velvet 
Chaff  $0.9591;  Marquis  $0.9795,  showing  a  spread  in  actual  value 
of  2.06  cents  per  bushel  between  Bluestem,  Fife  and  Marquis  and 
between  the  Bluestem  and  Velvet  Chaff  2  cent.    Table  XLVII  showing 
the  average  results  of  all  the  samples  tested  (regardless  of  grade) 
according  to  type. 

The  results  in  this  table  must  not  be  taken  as  final,  because  of 
the  difference  in  the  number  of  samples  in  the  different  grades  and 
by  reason  of  some  of  the  grades  not  being  represented  at  all.  This 
variation  in  the  number  of  samples  makes  some  difference  in  final 
results,  which  will  be  shown  later. 

Again,  considering  quality  and  value  in  wheat  as  two  distinct 
factors  and  providing  a  reason  for  a  difference  in  value,  if  any 
exists,  it  will  be  necessary  to  study  the  class  by  grades.  In  the 
preceding  paragraph  a  study  was  made  of  the  types  constituting 
this  class  and  very  little  difference  was  found  as  a  whole  in  quality 
and  not  a  very  wide  difference  in  actual  value  between  types  and  it 
is  safe  to  say  this  difference  between  types  would  vary  from  one 
to  the  other  through  a  term  of  years.  It  seems  safe  therefore  to 
assume  that  these  four  types  composing  this  class  of  wheat  are  of 
fairly  equal  value.  On  this  assumption  a  study  of  the  grades  in 
the  Hard  Bed  Spring  Class  is  made.  In  these  tables  the  values 
given  represent  100  pounds  and  in  the  discussion  this  will  be  reduced 
to  bushels.  In  table  XLVIII  will  be  found  the  number  of  samples 
of  each  type,  the  results  by  types  and  the  average  according  to  the 
total  number  of  samples  in  the  grade. 
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A«  a  basis  of  market  value  of  wheat  and  mill  products  the 

figures  have  been  taken  from  the  average  quotations  for  the  week 

ending  December  Ist,  1915,  Minneapolis  market,  and  for  wheat  may 

be  found  on  page  598.    Northwestern  Miller  published  at  Minneapolis, 

Minn,  as  follows: 

Be  jected  & 

No.  1  Hd.       No.  1'       No.  2*        No.  3*         ^To.  4*  No.  grade 

H.B.  S $1.0342        $1.0292        $  .9857        $  .9402        $  .9027        $  .8614 

Durum  $  .9747        $  .9447        $  .8853  $  .8194 

Mill  products  per  100  pounds  as  quoted  by  same  publication,  on 
page  597: 

Straight  flour  Bran  Shorts  MiU  sereenings 

$2.7425  $  .9125  $1.0875  $  .625 

A  study  of  this  table  will  show  that  there  is  a  difference  between 
the  grades.  As  this  wheat  has  been  graded  by  the  rules  employed 
by  the  Minnesota  Grain  Inspection  Department,  it  is  apparent  that 
the  system  works  well  according  to  the  per  cent  of  flour  produced 
by  the  different  grades;  there  being  less  than  2%  difference  between 
the  grades,  except  that  of  4^  and  rejected;  this  being  2.83%  and  a 
difference  of  8.22%  between  No.  1  Hard  and  rejected.  Also  the 
percentage  of  loss  in  milling  gradually  increases  with  the  lowering 
of  the  test  weight  per  bushel.  It  thus  appears  that  the  grades  are 
fairly  well  established  when  considered  only  from  the  amount  of 
flour  produced  and  the  loss  in  milling.  A  comparison  of  the  baking 
results  show  very  little  difference  as  a  whole  between  grades;  the 
factor  showing  any  marked  difference  being  that  of  color,  and  some 
of  the  factors  in  the  lower  grades  show  better  than  in  the  higher 
grades.  The  scoring  of  all  grades  is  well  within  the  scoring  of  a 
straight  flour  in  the  commercial  laboratory.  The  manufacturer  of 
flour  need  not  be  afraid  to  use  some  wheat  from  all  of  the  grades 
coming  to  him.  As  a  matter  of  fact  the  wheat  going  on  the  market 
each  day  is  usually  all  taken,  and  there  is  seldom  any  accumu- 
lation of  any  considerable  amount  of  any  grade  over  that  of  any 
other  grade.  Why  is  this  so  f  Because  the  wheat  going  on  the  market 
is  bought  regardless  of  the  amount  of  any  grade,  and  an  accum 
ulation  of  any  grade  soon  affects  the  price  of  that  grade  and  as 
soon  as  the  price  is  lower,  the  tendency  of  the  industry  is  to  increase 
the  amount  of  wheat  of  this  grade  in  the  run  going  to  the  mil 
which  keeps  the  stock  of  all  grades  down.  At  the  end  of  the  crof 
year  if  there  is  any  wheat  left  in  the  terminal  elevators,  it  is  of 
the  higher  grade ;  showing  that  the  wheat  of  the  lower  grades  has  all 
been  disposed  of  and  the  flour  made  from  them  gone  in  to  help  makt 
the  total  without  any  question  as  to  any  difference  in  quality.  The 
baking  quality  of  the  flour  produced  from  any  given  type  or  grade 
or  mixture  of  wheat  is  largely  determined  by  the  judgment  of  the 
miller  in  charge,  especially  in  the  smaller  mills.  Since  the  advent 
of  the  wheat  and  flour  testing  laboratories,  many  of  the  larger  mills 
are  now  equipped  so  that  guessing  at  the  result  of  their  products 
is  reduced  to  a  minimum.  By  testing  the  different  lots  of  wheat 
making  up  the  blend  going  to  the  mill  and  testing  the  resulting  pro^ 
duct,  they  are  able  to  keep  the  flour  uniform.     Should  they  find  it 
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lacking  in  any  factor,  the  blend  can  readily  be  improved  by  the  ad- 
dition of  more  wheat  containing  the  factor  that  is  deficient,  or  by 
reducing  the  amount  of  wheat  containing  the  objectionable  quality. 
Therefore,  the  baking  quality  can  be  fairly  well  maintained  without 
affecting  the  value  of  the  product. 

While   admitting   the   test   weight   per   bushel    as   a    factor    to 
determine  grade  and  the  average  results  show  this;  a  study  of  the 
application  of  the  test  weight  to  the  individual  samples  shows  that 
it  is  misleading  and  far  from  being  an  absolute  guide.     If  the  test 
weight  was  a  true  factor,  the  individual  sample  showing  the  minimum 
weight  would  produce  the  minimum  percentage  of  flour.     An   ex- 
amination of  the  results  from  the  individual  samples  will  show  that 
this  is  not  the  rule,  but  in  many  cases  the  samples  showing  the 
maximum  percentage  of  flour  has  a  test  weight  below  the  average  and 
also  the  one  showing  the  minimum  percentage  of  flour  has  a  test 
weight   above   the    average.      The    question    might    be    raised    here 
that  the  milling  of  the  different  samples  might  be  over  or  under 
done,  and  to  this  charge  it  must  be  admitted  that  the  science  of  mill- 
ing is  far  from  perfect.     If  the  test  weight  was  a  true  factor  of 
quality,  and  the  science  of  milling  perfect,  then  we  could  expect  the 
sample  showing  the  maximum  test  weight  to  produce  the  maximum 
percentage  of  flour  which,  when  baked  should  show  at  least  average 
results.    If  the  charge  was  made  of  any  sample  being  over  or  under 
milled  the  fact  would  be  apparent  in  the  baking  results.     If  the 
sample  was  over  milled,  the   baking  results  would  fall  below  the 
average,  and  if  under  milled,  would  naturally  show  above  the  average 
in  baking  results.    A  good  illustration  of  these  facts  will  be  found 
in  Table  XII.    Sample  No.  2671  will  show  the  maximum  test  weight 
and  percentage  of  flour  and  minimum  baking  results;  sample  2784 
giving  minimum  percentage  of  flour  and  maximum  baking  results, 
and  showing  about  the  average  test  weight.     It  would  seem  quite 
reasonable  to  say  that  in  the  case  of  2671,  the  sample  was  over 
milled.     Likewise   that   of   2784   was  under   milled.     In   this   same 
table    (showing  the  results  of  but  four  samples)   this  fact  is  con- 
troverted; sample  2783   showing  the  minimum   weight   per   bushel, 
^ving  about  the  average  percentage  of  flour  and  approaching  very 
closely  the  maximum  baking  results.     Again  compare  the  results  of 
this  sample  with  the  one  showing  the  minimum  weight  in  the  No.  1 
Hd.    Grade   (Table  VII).     Also  compare  with  the  average  and  see 
how  much  bearing  the  weight  per  bushel  should  have  on  determining 
f?rade  when  the  baking  quality  of  the  flour  is  considered  a  com- 
parison of  the  percentage  of  flour  indicates  that  there  is  apparently 
a  true  relation. 

The  test  weight  per  bushel  as  a  factor  in  the  grain  trade  has 
a  true  and  proper  place,  and  was  devised  and  in  use  in  its  proper 
place  before  our  present  system  of  grading  was  thought  of.  It  is 
diflScult  to  cite  any  authentic  history  concerning  its  origin  or 
adoption.  In  all  probability,  it  originated  and  was  in  use  in  Europe 
before  we  had  any  use  for  it  in  this  country;  its  proper  place  being 
in  connection  with  the  shipping  or  exporting  of  grain.    This  country 
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would  have  no  occasion  to  use  it  before  the  year  1840,  and  until  a 
much  later  date  most  of  the  trading  in  wheat  was  done  by  measure 
rather  than  by  weight.  When  the  production  of  wheat  in  this 
country  reached  a  point  where  there  was  a  surplus  over  consumption, 
it  became  necessary  to  send  that  surplus  to  a  foreign  market.  The 
custom  was  changed  from  trading  in  wheat  by  measure  for  flour 
and  other  commodities  to  a  sale  of  wheat  for  cash  and  by  weight 
rather  than  measure.  Therefore,  from  the  long  use  of  the  measured 
bushel  the  question  arose  how  much  should  a  bushel  of  wheat  and 
other  grain  weigh.  No  doubt  those  familiar  with  handling  the  dif- 
ferent kinds  of  grain  answered  this  question?  it  having  been  estab- 
lished after  many  careful  weighings  of  the  measured  bushel.  At 
the  present  time  the  wheat  produced  in  the  part  of  the  country  where 
this  custom  was  established,  will  weigh  from  55  to  65  pounds  per 
measured  bushel,  giving  the  general  average  of  60  pounds.  With  the 
advent  of  the  export  business  in  wheat,  it  became  necessary  to  buy 
wheat  by  weight  rather  than  by  measure,  because  of  the  fact  that  it 
can  be  weighed  more  accurately  than  measured  and  can  be  weighed 
in  much  less  time  than  would  be  required  to  measure  it.  Therefore 
justice  and  economy  was  the  reason  for  adopting  this  method.  But 
after  the  adoption  of  the  weighing  system  for  the  purpose  of  pur- 
chase, the  standard  measure  had  to  be  maintained  because  shipping 
space  is  usually  determined  by  the  cubical  content  of  the  commodity 
shipped.  In  arranging  for  a  shipment  of  wheat  or  other  grain  the 
term  bushel  is  always  taken  to  mean  a  measured  bushel.  If  the 
information  to  the  stevedore  is  the  number  of  bushels  by  weight, 
the  test  weight  per  bushel  must  also  be  given  in  order  that  he  may 
determine  how  many  bushels  of  said  wheat  he  can  accomodate.  This 
then  is  the  place  the  test  weight  per  bushel  becomes  a  true  factor 
in  connection  with  wheat.  (The  writer  does  not  wish  the  foregoing 
history  of  the  evolution  and  growth  of  the  test  weight  per  bushel 
to  be  taken  as  authentic;  for  it  has  only  been  given  in  this  way  to 
show,  if  possible,  that  its  growth  into  our  present  system  of  grading 
has  some  elements  of  reason).  For  example,  60,000  pounds  of  wheat 
would  be  1000  bushels,  if  the  test  weight  was  60  pounds,  it  would 
occupy  a  space  of  1244.3  cubic  feet.  If  the  test  weight  should  be 
54  pounds,  it  would  require  a  space  of  1382.4  cubic  feet;  or  138.1 
cubic  feet  more  space  to  contain  the  same  number  of  bushels.  Or  ir 
other  words,  the  hold  of  a  vessel  that  will  accomodate  10,000  bushels 
test  weight  54  pounds,  would  hold  11,109.9  bushels  test  weight  oi 
60  pounds. 

Usually  wheat  weighing  60  pounds  per  measured  bushel  ij 
plump,  smooth  in  texture,  and  dry,  thus  appealing  to  the  senses  a? 
having  quality,  and  in  all  probability  the  men  engaged  in  the  grair 
trade  began  separating  their  receipts  into  lots  according  to  their 
general  appearances  as  they  received  them  from  the  farmer.  Whil< 
the  milling  business  increased  very  rapidly,  it  has  not  kept  pacf 
with  the  increase  of  wheat  production.  This  gave  the  miller  a  choice 
of  his  raw  material ;  he  soon  learned  by  experience  that  a  bushel  oi 
wheat  weighing  60  pounds  for  instance  would  produce  more  flour 
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than  a  bushel  weighing  56  pounds.  The  trade  soon  favored  the  heavy 
weight  wheat.  In  the  early  days  of  the  milling  industry,  the  miller 
was  not  a  wheat  buyer,  but  a  manufacturer  of  flour,  taking  his  pay 
in  wheat,  usually  by  measure.  He  and  the  farmer  soon  learned  that 
it  was  to  their  mutual  interest  to  use  for  their  own  consumption  the 
choice  wheat.  If  a  farmer  produced  more  wheat  than  was  required 
for  his  own  consumption  the  surplus  was  sold  to  a  regular  wheat 
buyer,  and  the  milling  business  was  confined  to  what  was  known 
as  gristing.  Gradually  the  consumers  of  flour,  not  engaged  in  the 
pursuit  of  agriculture,  increased  beyond  the  point  where  the  miller's 
share  (or  toll)  of  wheat  received  from  the  farmer  as  pay  for  manu- 
facturing the  farmer's  share  of  wheat  into  flour  and  by  products 
was  adequate  to  supply  this  demand,  and  the  miller  was  forced  by 
circumstances  to  buy  enough  wheat  to  supply  the  local  demand  for 
flour.  This  caused  an  excess  production  of  bran  and  shorts.  So 
much  so  that  they  became  a  drug  on  the  market  and  often  times  a 
nuisance  to  the  miller  causing  him  trouble  and  expense  rather  than 
having  any  market  value.  Under  these  conditions  the  only  product 
that  had  any  value  was  the  flour.  Also  this  type  of  consumption  was 
responsible  for  the  centralizing  of  the  milling  industry.  The  increased 
production  of  wheat  and  the  building  of  railroads  for  the  trans- 
portation of  the  same  to  market  was  responsible  for  the  location 
of  financial  centers  and  terminal  markets,  which  also  gave  the  miller 
opportunity  to  make  a  better  selection,  of  his  raw  material. 

Another  factor  entering  into  the  growth  of  our  present  system 
of  wheat  grading  was  the  advent  or  importation  of  the  roller  process 
of  milling,  coming  almost  simultaneously  with  opening  of  the  Red 
River  Valley  wheat  farms.  In  ten  years  the  total  production  of 
wheat  in  this  country  was  more  than  doubled.  To  be  more  specific, 
in  1870  a  total  of  236  million  bushels  of  wheat  was  produced  and  in 
1880  almost  500  million  bushels  and  this  increase  has  been  fairly 
well  maintained  to  the  present  time,  but  not  with  as  great  an  in- 
crease in  any  decade.  The  roller  process  of  milling  was  a  great 
forward  step  for  the  industry,  but  was  it  as  great  a  step  as  it  has 
ever  had  the  credit  of  being?  The  roller  process,  a  product  of  a  man's 
invention,  comes  in  to  use  at  the  same  time  that  a  superior  type  of 
wheat,  a  product  of  nature,  was  introduced.  Man,  as  inventor  of 
the  roller  milling  process  took  all  the  credit.  Because  the  miller 
with  the  roller  process  was  able  to  produce  a  better  flour  than  the 
consumer  ever  had  before.  The  world  is  ready  to  admit  that  the 
inventor  of  the  mill  is  a  genius,  and  the  trade  has  been  accorded  a 
credit,  greater  than  it  is  entitled  to.  It  is  true  that  the  roller  process 
has  made  a  vast  improvement  in  the  quality  of  flour  produced,  but 
without  the  aid  of  the  superior  types  of  wheat.  Hard  Red  Spring 
and  Hard  Red  Winter,  would  it  have  attained  the  prominence  it 
now  has?  Go  into  a  roller  process  mill  in  any  of  the  states  that 
continue  to  grow  the  same  type  of  wheat  as  they  did  in  1870  and 
depend  on  getting  their  supply  of  wheat  locally,  and  you  will  find 
that  the  quality  of  the  flour  remains  much  the  same  as  it  was  in  the 
days  of  stone  milUng;  the  only  improvement  is  confined  to  the  one 
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fact  that  more  flour  but  of  equal  quality  is  produced  from  a  bushel 
of  wheat.  Therefore  the  better  quality  of  flour  of  today  is  due  to  the 
two  types  of  hard  wheat  as  well  as  the  improved  system  of  milling. 
The  roller  process  will  show  a  greater  improvement  over  the  stone 
process  when  milling  this  hard  type  of  wheat  than  it  does  with  the 
softer  type.  The  advent  of  the  hard  types  of  wheat  increased  the 
necessity  for  the  adoption  of  the  new  process  of  milling,  so  much  so 
that  the  mills  of  Minneapolis  (then  as  now  the  milling  center  for 
the  hard  red  spring  wheat),  during  the  decade  between  1880  and 
1890,  adopted  the  roller  process  almost  entirely  and  especially  the 
new  mills  that  were  erected  there  and  at  other  points  throughout 
this  entire  hard  wheat  section. 

During  the  decade  of  rapid  progress  in  milling  the  foundation 
of  our  present  system  of  grading  was  evolved  and  as  has  already 
been  shown,  the  value  of  a  bushel  of  wheat  was  established  on  the 
basis  of  weight  per  bushel,  the  increased  production  of  flour  caused 
a  corresponding  increase  of  other  mill  products  until  they  became 
almost  unsalable  at  any  price  and  thousands  of  tons 'were  dumped 
into  the  streams  and  wasted.  In  steam  power  mills  large  quantities 
were  burned  in  the  furnace  under  the  boiler  so  the  flour  was  the 
only  product  of  value. 

From  the  end  of  this  decade  the  food  value  of  these  different 
mill  products  have  become  well  established  and  there  is  no  part 
of  them  now  that  has  not  market  value,  even  the  impurities  accom- 
panying the  wheat  to  the  market,  sell  at  from  $10.00  to  $30.00  per  ton. 
In  spite  of  the  increase  in  the  value  of  these  products,  the  spread 
in  value  between  the  high  and  low  grade  wheat  has  increased  rather 
than  diminished  and  has  varied  slightly  each  year  according  to  the 
amount  of  the  different  grades  received,  while  the  method  of  establish- 
ing prices  remains  the  same  with  a  small  margin  of  safety  against 
the  lower  grades. 

Referring  to  Table  XLVIII  showing  the  average  results  of  the 
four  types  by  grade  basing  the  value  of  the  different  grades  of  wheat 
on  the  test  weight  per  bushel,  using  No.  1°  Bluestem  as  standard  as 
is  done  on  the  market  and  the  value  of  the  different  grades  pro- 
portionately would  be  as  follows: 

MARKBT  VALUE  OF  WHEAT  SOLD  ON  MINNEAPOSIS  MARKET.  FIRST  WEEK  IN 
DECEMBER  1, '15,  BASED;  FIRST,  ON  TEST  WHEAT;  SECOND,  ON  MARKET 
QUOTATIONS;  THIRD,  ON  VALUE  OF  MILL  PRODUCTS. 

Value  as  shown  No.  1  Hd.  No.  1*  No.  2*  No.  3*  No.  4*  No.  grade 

by  tost  weight..  $1.0758  $1.0292  $1.0079  $  .9667  $  .9062  $  .9443 

Average  of  1  week    1.0342  1.0292  .9857  .9403  .9027  .8614 

Average  value  ac- 
cording to  mill 

products    1.0508  1.0278  1.0152  1.0047  .9935  .9701 

Prom  the  above  figures  it  can  be  seen  that  the  value  as  shown 
by  the  test  weight  per  bushel  and  market  quotations  follow  very 
closely  except  in  the  case  of  No.  1  Hd.  The  difference  here  shown 
between  the  grades  as  given  based  on  the  test  weight  and  those  of 
the  market  is  probably  more  than  made  up  by  the  spread  of  from 
2  to  6  cents  within  the  grade,  and  when  compared  with  the  value 
according  to  the  mill  products,  it  is  plain  that  the  use  of  the  test 
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weight  as  applied  at  the  present  time  is  unfair.  A  strict  application 
of  the  test  weight  gives  a  spread  in  price  of  23  cents  between  No.  1 
Hd.  and  rejected,  while  the  spread  in  market  value  is  17  cents  and 
by  actual  value  of  mill  products,  8  cents  between  these  grades; 
showing  a  discrepancy  of  15  cents  per  bushel  on  the  average  between 
a  strict  application  of  the  test  weight  and  the  value  of  the  mill  pro- 
ducts, and  9  cents  per  bushel  between  market  value  and  valiie  of 
mill  product. 

Again  applying  the  test  weight  and  using  the  maximum  and 
minimum  within  the  grade  as  shown  in  Table  XLVIIT  the  spread 
in  price  is  as  follows:  No.  1  Hd.  5.L5  cents;  No.  1°  1.74  cents;  No.  2° 
2.02  cents;  No.  S""  2.68  cents;  No.  4^  2.95  cents.  Rejected  6.12  cents 
per  bushel.  Instances  paralleling  the  two  above  mentioned,  may  be 
found  in  almost  all  the  grades  of  all  the  types  in  which  there  is 
any  number  of  samples  given  showing  that  the  test  weight  when 
applied  to  the  fixing  of  value  works  a  hardship  to  the  miller  about 
equal  to  that  which  it  does  to  the  farmer,  but  the  grain  trade  takes 
advantage  of  it. 

The  question  might  be  raised  why  the  commercial  millers  have 
not  oflPered  any  objection  to  this  system  of  grading.  An  examination 
of  the  ownership  of  the  mills  and  elevators  at  the  terminals  and  the 
interlocking  directorate  would  probably  explain  why  there  has 
been  no  fault  found  with  this  system  by  the  mills  that  have  their 
own  elevators  in  the  farming  districts.  At  the  end  of  the  year  the 
profits  on  the  one  hand  offsetting  any  losses  that  may  occur  on  the 
other,  and  is  shared  by  the  same  set  of  individuals  and  used  at  the 
same  centers  of  finance.  Such  being  the  ease  it  would  hardly  be 
expected  that  any  objection  would  be  offered  to  a  factor  having  such 
a  universal  acceptance.  The  foreign  miller,  the  local  miller,  not  so 
favorably  located  and  the  farmer  are  the  ones  that  the  working  of 
this  system  injures.  Some  may  take  exception  to  this  statement 
of  the  universal  acceptance  of  the  test  weight  per  bushel.  Let 
anyone  having  an  adverse  opinion,  take  a  sample  of  wheat  to  any 
local  mill  or  elevator,  or  any  terminal  mill  or  elevator  or  to  any 
state  inspection  department,  and  they  will  find  in  the  mill  or  elevator, 
local  or  terminal,  just  three  questions  to  be  settled  between  them- 
selves and  the  wheat  buyer,  and  in  the  inspection  department  but 
two  to  be  settled.  In  the  mill  or  elevator;  first,  dockage  and  if  not 
settled  by  mutual  consent,  a  set  of  standard  sieves  are  used  under 
certain  definite  rules  and  the  amount  of  dockage  per  bushel  deter- 
mined. Second,  grade  and  if  that  cannot  be  settled  by  mutual  con- 
sent, the  chrondometer  kettle  is  used  which  gives  the  test  weight 
which  usually  establishes  the  grade.  Third,  the  price  that  will  be 
paid  within  that  grade  and  if  the  test  weight  approaches  the  mini- 
mum allowed  for  that  grade,  the  price  is  almost  always  sure  to 
follow.  The  inspection  departments  have  only  the  dockage  and  grade 
to  settle  and  a  large  number  of  sales  are  made  by  the  commission 
men  for  their  clients  on  the  opening  or  closing  bid  in  the  particular 
grade  on  the  specified  market. 
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The  mills  located  at  the  terminaLs  buy  most  of  their  wheat 
after  examining  composite  samples  of  the  individual  cars.  The 
samples  are  taken  by  the  state  for  the  inspection  department,  the 
grade  and  dockage  are  fixed  and  the  sample  delivered  to  the  grain 
exchange  and  offered  for  sale.  The  buyers  are  representatives  from 
the  mills,  elevators  and  export  commission  firms.  The  competition 
on  these  markets  is  usually  between  the  buyers  for  the  different  mills. 
The  elevators  and  commission  men  are  satisfied  to  take  what  is  left 
and  at  a  price  indicated  by  the  bid  for  the  respective  grade  at  the 
close  of  the  market  session.  Since  the  adoption  of  testing  labora- 
tories by  these  mills,  the  records  of  the  market  show  that  the  spread 
in  price  within  the  different  grades  are  being  increased,  which  would 
indicate  that  these  buyers  are  using  actual  knowledge  of  milling 
quality  of  the  individual  sample  as  a  basis  of  value  rather  than  test 
weight.  The  grade  being  established  by  the  Inspection  Department, 
they  are  entitled  to  the  wheat  at  a  price  varying  within  certain  fixed 
limits,  they  know  from  actual  experimental  knowledge  the  samples 
that  have  high  milling  value  or  that  contain  the  factors  of  quality 
that  they  need  to  mai^tain  the  standard  to  which  they  are  holding 
their  output  of  flour.  This  leaves  the  balance  to  be  taken  at  the 
closing  bid  of  the  market  session  or  at  the  opening  bid  of  the  follow- 
ing session. 

Again  referring  to  Table  XLVIII  for  a  comparison  of  value; 
the  number  of  samples  of  each  of  the  four  types  is  shown  assuming 
thesfi,  to  be  of  equal  amount  and  calculating  the  per  cent  of  the 
diffel^ent  grades  of  each  type.  Using  the  market  value  of  the  No.  I'' 
Bluestem  as  a  basis,  and  according  to  the  value  of  the  mill  products 
produced  the  value  per  bushel  for  the  different  types  and  grades 
would  be  as  shown  in  Table  XLVIIIa. 
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In  discussing  Table  XL VII  on  page  80  of  this  bulletin  as  stated 
the  values  there  given  should  not  be  taken  as  final  and  an  explanatioL 
was  promised  later-  The  results  as  shown  in  Table  XLVII  are  th? 
average  of  all  the  samples  within  the  type  regardless  of  grade  acl 
are  therefore  a  general  average  of  type  •and  were  used  for  th* 
purpose  of  showing  in  a  general  way  the  difference  in  type.  The  r^ 
suits  as  shown  in  Table  XL VIII  are  the  average  of  the  results  based 
on  the  number  of  samples  of  the  different  types  within  the  grade,  arrf 
consequently  are  about  what  might  be  expected  from  milling  the 
same  percentage  of  the  different  types  here  shown  of  any  of  tt^ 
grades,  and  the  value  per  bushel  given  in  the  above  table  are  fairly 
comparable.  Referring  to  Table  XLVIIIa  it  will  be  noticed  that  the 
difference  between  No.  1  Hard  and  Rejected  grades  according  t' 
market  value  and  percentage  of  grade  is  17.28  cents  and  for  vak'' 
of  mill  products  9.37  cents — ranging  by  grade  from  1.06  cents  to* 
high  for  No.  1°  to  9.67  cents  too  low  for  rejected — and  showing  a 
gradual  increase  of  loss  with  the  lowering  of  the  grade.  A  mixtur? 
of  wheat  of  the  different  types  and  percentage  of  types  and  gradn 
as  here  shown  will  amount  to  a  net  loss  or  difference  in  value  oi 
$4.1086  on  each  100  bushels  milled.  This  difference  in  price  therf 
fore  would  amount  to  over  four  million  dollars  on  a  crop  of  10 
million  bushels.  The  percentage  of  the  different  grades  as  her? 
shown  would  probably  not  be  a  fair  division  of  this  crop,  whicr 
would  cause  the  above  deductions  to  be  unfair  if  applied  to  the  r^ 
suits  of  the  total  crop.  For  instance  if  a  blend  should  be  made  of  th- 
same  percentage  of  the  different  grades  as  shown  above,  and  marked 
value  compared  with  actual  value,  the  difference  would  be  4.10S'' 
cents  per  bushel. 

To  get  an  idea  of  what  the  percentage  of  the  different  gradr 
are  for  this  crop  turn  to  page  598  of  the  Northwestern  Miller  date! 
Dec.  1st,  1915  and  find  a  report  of  cars  of  the  different  grades,  aiK 
if  it  is  assumed  that  each  car  contained  the  same  number  of  bushel\ 
the  result  would  be  as  follows: 

Value  accord- 
Market  value  log  to  mill 
per  bushel  products 

per  bushel 
No.  1  Hard       218  cars—  5.65%  of  receipts  @  $1.0342=:$0.0584  @  $1.0518=$0.05H 
No.   !•  1468  cars— 38.00%  of  receipts  @    1.0292=     .3911®    1.0160=     .380 

No.   2"  1132  cars— 29.35%  of  receipts  @      .9857=     .2883®    1.0161=     .296 

No.   3'  516  cars— 13.35%  of  receipts  @      .9402=     .1255®    1.0114=     .1350 

No.   4"  330  cars—  8.55%  of  receipts  ®      .9027=     .0772  @      .99     =     .0^ 

^^J^^lf^-^l^ll^e  e^T9—  5.10%ofTeeei^tB@      .8614=    ,0439®      .9581=     .0#^ 

Total  3860  cars—  100%  of  receipts  .9854  l.OlS 

Using  these  percentages  of  the  different  grades  at  the  value  ps" 
bushel  shown  in  the  table  on. page  82  and  the  loss  or  difference  x 
value,  would  be  2.69  cents  per  bushel.  It  must  be  borne  in  mind  that 
this  is  over  and  above  the  profit  in  milling  as  shown  by  the  No.  1' 
Bluestem  used  by  the  market  as  standard. 

Table  XLIX  will  show  the  results  of  all  of  the  types  received 
at  this  station.  The  results  were  averaged  according  to  the  numbtf 
of  samples  of  Bluestem,  and  where  grades  were  lacking  the  samples 
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were  omitted,  hence  Bluestem  and  Fife  are  the  only  types  with  all 
the  grades  represented. 

The  results  in  this  table  are  similar  to  those  found  in  Table 
XLVII  and  are  not  final  but  show  the  comparative  value  in  a  general 
way. 

Summing  up  thiff  whole  matter  as  to  the  trouble  resulting  from 
the  sale  of  wheat  it  may  be  safely  charged  to  the  system  used  in 
grading.  The  remedy  for  this  injustice,  if  attained,  must  come  by 
a  proper  education  of  the  grain  trade  generally  to  the  facts  shown 
by  this  data.  It  is  evident  that  the  majority  of  men  engaged  in 
the  grain  trade  are  not  aware  of  the  true  milling  value  of  the. 
different  lots  of  wheat  coming  to  them  and  that  they  are  conscien- 
tious in  their  application  of  the  system  in  vogue,  while  it  is  the 
strict  application  of  this  system  that  is  working  such  a  hardship  on' 
our  local  miller,  as  well  as  the  farmers.  If  the  local  millers  were 
aware  of  the  actual  value  of  the  so  called  lower  grades  of*  wheat, 
they  would  use  more  of  them  in  their  mixture,  thiis  reducing  the 
cost  of  their  raw  material.  At  the  same  time  they  would  reduce 
the  amount  of  low  grade  wheat  going  to  the  terminal  market;  there- 
by increasing  the  cost  of  the  raw  material  to  their  competitors. 

To  illustrate  the  working  of  the  system  of  grading  combined 
with  the  methods  of  marketing  take  60,000  pounds  of  wheat  of 
each  of  samples  2677  and  2849  Table  III  and  follow  them  to  market 
and  then  to  the  mill  at  the  terminal  and  see  what  happens. 

Lot  1  (Sample  2677)  contains  60,000  pounds  No.  2°  Bluestem 
with  ISYz  pounds  dockage,  which  would  be  773  bushels  and  30 
pounds  clean  wheat  at  average  market  value  $.9857,  would  be  $762.44, 
less  freight,  $60.00,  would  net  to  the  farmer  $702.44.  The  miller  who 
bought  this  lot  of  wheat  had  it  unloaded  at  his  mill  and  in  the  pro- 
cess of  manufacture  it  would  be  converted  into  the  following  pro- 
ducts and  values: 

Flour   ;..33239Ib=$  911.58  Total  value   $1122.90 

Bran    ^ 714715=  65.22  Total  cost  wheat  ....     762.44 

Shorts    6526  »=  61.17                                           

Screenings    13590 lb  =  84.93  Gain   $360.46  or  47.28% 

I.0S8   in  milling  399  Screening    84.93 

Loss  in  milling  399  Less   screening  $275.63  or  36.13% 

Cost  of  wheat  $.9857  value  of  mill  products  from  a  bushel  $1.45 
and  without  considering  the  screenings,  $1.34  per  bushel. 

Lot  2  (Sample  2849)  contains  60,000  pounds  No.  2°  Bluestem, 
1%  pounds  dockage,  would  be  971  bushels  and  6  pounds  clean  wheat 
at  market  value  $.9857,  would  be  $965.10,  less  freight,  $60.00,  would 
net  to  the  farmer  $905.10.  This  lot  handled  the  same  as  the  above 
would  result  as  follows : 

Flour    363171b=$  995.99  Total   value   $1192.99 

Bran     10339 lb  =       94.35  Cost  wheat  965.10 

Shorts    8718 lb  =       94.81  

Screenings    12541b  =         7.84  _   .  nnn  on.      a^at^ 

Loss  in  miUing 33721b  =  ^^'"^  227.89  or  23.61% 

Screenings    7.84 

60,000  lb  =$1192.99      Less  screenings  $220.05  or  22.80% 
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The  value  per  bushel  in  this  case  being  $1.22  and  without  considerinf 
the  screening,  $1.21  per  bushel. 

In  the  case  of  the  first  lot,  it  netted  the  farmer  $.9081  per 
bushel  and  the  second  lot  $.924.  The  profit  to  the  miller  over  cost  ci 
raw  material  in  first  lot  would  be  $.4643  and  without  considerinf 
screenings,  $0.3643  per  bushel.  In  the  second  lot  it  would  be  $.2341 
and  without  screenings  $.2243.  And  the  miller's  gross  profit  oyer 
the  net  value  to  the  farmer  in  the  first  lot  was  $.5419  and  without  th 
screenings  $0.4319  per  bushel.  And  in  the  second  lot  $.296  and 
without  the  screenings  $.286  per  bushel. 

According  to  our  present  system  of  grading  and  marketing  these 
two  lots  of  wheat  are  assumed  to  be  of  equal  value  per  bushel.  Ac- 
cording to  practice  there  is  a  difference  between  the  two  lots  te 
the  farmer  of  $.0159  per  bushel.  To  the  miller  the  order  is  reversed 
The  lot  netting  the  farmer  the  least  per  bushel,  nets  the  miller  doubk 
the  profit  of  the  other  lot,  or  lot  1  nets  the  miller  $.4643  and  k 
two  $.2343  cents  per  bushel,  or  a  percentage  of  profit  in  lot  1  ove 
cost  of  wheat  of  47.28  per  cent,  lot  2,  23.61  per  cent.  The  percentag 
is  also  given  without  considering  the  screenings  which  are  moR 
than  one  and  a  half  times  as  great  in  lot  1  as  in  lot  2. 

These  are  extreme  cases  but  they  occur  within  the  same  grade 
Now  the  question  might  be  raised;  would  there  be  any  benefit  to  th? 
farmer  or  miller  to  buy  on  actual  value!  The  answer  according  to 
the  data  presented  is,  yes!  It  has  been  shown  that  on  the  average 
and  according  to  the  percentage  of  the  diflEerent  grades  as  receive! 
here,  the  loss  or  diflEerence  is  $.0411  per  bushel  and  according  to  tb 
percentage  of  the  diflEerent  grades  received  at  Minneapolis  for  oik 
week,  the  loss  or  diflEerence  would  be  $.0269  per  bushel  and  on  tte 
North  Dakota  1915  crop  according  to  the  estimate  of  yield  by  Unitei 
States  Department  of  Agriculture,  would  amount  to  a  loss  of  $3,115,- 
200.00. 

Using  the  same  values  for  wheat  and  the  diflEerent  mill  producti 
as  used  above,  and  taking  a  carload  of  60,000  pounds  of  wheat  eqiu 
to  the  average  of  the  No.  1°  Bluest  em  shown  in  Table  11,  the  resiift 
would  be  as  follows: 

Flour   41706m  =$1142.75  Total  value $1310.11 

Bran    7642  lb  =       69.54  Total  cost  of  wheat  1006.04 

Shorts    8200  It)  =       89.38  

Screenings    1350  It)  =        8.44  Gain     304.07=30.22 <? 

Loss   1102  lb  = 

Total  60,0001b  =$1310.11 

60,000  pounds  wheat  equal  to  average  of  No.  4°  Bluestem  froc 
Table  V. 

Flour   38775  lb =$1062.44  Total  value  $1255.19 

Bran    9656  lb  =       87.87  Total  cost  of  wheat     867.85 

Shorts    8294  lb  =       90.40  

Screening   23 16  lb  =       14.48  Gain     .$  387.34=44.63^ 

Loss  9591b  = 

Total  60,000  lb  =$1255.19 
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There  is  some  wheat  in  almost  every  crop  year  that  should  not 
be  used  for  human  consumption,  but  should  be  condemned  and  only 
allowed  to  be  sold  as  animal  food,  and  if  not  fit  for  that  purpose, 
should  not  be  allowed  on  the  market  at  any  price.  The  same  as  is 
done  with  meat  and  many  other  food  products,  but  under  the  present 
system,  the  majority  of  this  low  grade  wheat  is  bought  by  the  elevator 
companies  and  mixed  in  small  quantities  and  eventually  finds  its 
way  into  the  flour  of  the  consumer.  In  many  instances  the  price 
paid  is  far  below  what  it  is  actually  worth  for  feed.  Many  of  the 
complaints  from  the  consumers  coming  to  the  miller  are  just  and 
could  be  attributed  to  this  cause. 

Name  and  location  of  individuals  from  whom  the  samples  were 
received. 

Lab.  No.  Name  City  County  State 

24(59    W.  H.  Pray Valley  City  ^Barnes  N.  D. 

2470  to  2621  Prof.  B.  C.  Donaghue  Agr.  College Cass  N.  D. 

2608    Bemmels  MiU  Lisbon    .- Ransom N.  D. 

2609  to  2610  Geo.  Hoople  Hoople    Walsh  N.  D. 

2611    Christ  Flum  Milton    CavaUer  N.  D. 

2612    ., Andrew  Fuhn  Milton    Cavalier  N.  D. 

2613  lo   2614   F.  A.  Wilhelm  Jamestown     Stutsman  N.  D. 

2615    Farmers  Elevator  .'...Wimbledon    Barnes  N,  D. 

2669  to  2674  Inc H.  J.  Boyts   Minnewaukon   Benson  N.  D. 

2675  2676  C.  F.  Anderson  Rugby    Pierce  N.  D. 

2677 C.  D.  Parkman  Finley  Steele  N.  D. 

2678  to  26S0  Inc E.  Lavik  Rugby  Pierce    N.  D. 

2681  to  2682 Chas.   Shippy   Hope     Steele  N.  D. 

2683    A,    Skavhang   Adams    Walsh  N.  D. 

2684    F.  W.  Keetzman  . — Lakota   Nelson  N.  D. 

2710-2711 J.  Southam  Mohall    Renville  N.  D. 

2712-2714   Inc Majoris  Bros Larimore    Grand  Forks  ....N.  D. 

2735-2736  L.  W.  Beckwith  Oakes    Dickey  N.  D. 

2737    J.  H.  Whitcher  Valley  City  Barnes  N.  D. 

2738-2739  C.  S.  Roberts  Dawson    Kidder  N.  D. 

2757  to  2759  Inc G.  E.  Edwards  Minot    Ward  N.   D. 

2760    J.  Southam  Mohall    Renville  N.  D. 

2761    B.  F.  B.  Green  Sherwood  Renville  N.  D. 

2762    M.  H.  Hagen  Mohall    Renville  N.  D. 

2763    Thos.  Fitzmaurice  ....Mohall    Renville  N.  D. 

2764    Henry  Renfeldt  Minot    Ward   N.   D. 

2765    Thos.  Brown Mohall    Renville  N.  D. 

2766-2767 Henry  Renfeldt Minot    Ward  N.   D. 

2768 Wm.  Hadler  Surrey  Ward  N.   D. 

2769  W.  A.  Peck Logan   Ward  N.   D. 

2770  Will  Hussey  DesLaca    Ward  N.   D. 

2771  W.  A,  Peck  Burlington  Ward  N.   D. 

2772  0.  Brown  by 

W.  A.  Peck  Not  known   

J773    Burlington  El.  Co Burlington  Ward  N.   D. 

2774-2775   Logan  El.  Co Logan   Ward  N.  D. 

2776    ^ Joe   Parkle   ......DesLacs    Ward  N.   D. 

J777    Burlington  El.  Co Burlington   Ward  N.   D. 

2778    Winners  El.  Co Carpio  Ward  N.   D. 

>779    Logan  El.  Co Logan  Ward  N.   D. 

2780  to  2802  Inc L.    R.   Waldron   Dickinson  Stark   N.   D. 

2S03 J.   F.  Jaberg  Sanborn   Barnes  N.  D. 

iH04    ~ Peter  Thorson   Voltaire    McHenry  N.  D. 

2805  to   2807   Joe   McCrary  Carrington  Foster N.  D. 

2814    Equity  El.  Co Tappen  Kidder  N.  D. 
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Lab.  No.  Name  City  County  S'Xji 

2816    ^ Thos.  Pendry  Jamestown  Stutsman  N.  D. 

2817-2818  ^ D.  J.  Stiner Beach   Golden  VaUey..N.  D. 

2825-2826  0.  H.  Dolve  Hatton    Trail  N.D. 

2827  to  2828  Jos.  Meaers  Ross    Mountrail X.  D. 

2829-2830  M.  W.  Schnider  Wales    ^Cavalier  N.D. 

2831    Angus   V.  Merits  — Dresden    Cavalier N.D. 

2832    C.   A.   Stebbins Granville    McHenry  ..N.D. 

2833    Carl  Anderson  Farland    McKenzie   N.  D. 

2834    Christ  Jensrude  Amegard McKenzie   N.D. 

2835-2836   F.  W.  Kietzman Lakota   Nelson  N.D. 

2837  to  2838  ^ Alex  Morrison  Bathgate Pembina _..N.D. 

2839-2840   W.  C.  Carincross  Wahpeton    Richland  N.D. 

2841-2842  Kurtz  Bros Hazelton    Emmons  N.D. 

2843-2844  Geo.   Kline   Mott    Hettinger  N.D. 

2847    No  information  given 

2849  to  2851  Lie Anton  Peterson  Washburn    McLean N.  P. 

2852-2853   T.  C.  Askland Reeder    Adams   _.N.  D. 

2855  to  2867  Inc Highmore  Exp.  Sta...  Highmore  S.  D. 

2879  to  2891  Inc Brookings  Exp.  Sta...  Brookings    S.  D. 

2893  to  2914  Inc Williston   Exp. .  Sta...  Williston    Williams... N.D. 

2915  to  2922  Inc Moccasin  Exp.  Sta.....  Moccasin    Mcr. 

2923  to  2932  Inc Archer  Exp.  Sta Archer    Wyoini: 

2933  to  2942  Inc Dickinson  Sub  Sta Dickinson  .*..N.  I' 

2943  to  2953  Inc Newell  Exp.  Sta.  ..^..Newell    S.D. 

2957    Farmers  Ele.  Co Mapleton    Cass  N.D. 

2958    Louis  Noltimier  Valley    City    Barnes   N.  I 

2963    Moose  Jaw  Sask Caiua 

2967    H.  B.  Wasson  McClusky    Sheridan    N.  I 

2968    Clarence  Goldhamers  Edmore  Ramsey   N.  D. 
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OTHER  GRAINS  THAN  WHEAT  IN  BREAD  MAKING 

By  W.  L.  Stockham 

The  shortage  in  wheat  may  make  it  necessary  to  mill  more  of  the 
wheat  into  flour  than  has  been  the  custom  and  to  use  other  grains  to 
some  extent  in  bread  making.  The  availability  of  other  cereals  is 
dependent  not  only  on  the  quantity  produced  but  upon  special  milling 
facilities  and  an  understanding  of  how  to  properly  prepare  them  for 
use.  It  is  also  necessary  to  determine  the  quality  of  bread  that  can 
be  made  from  them  either  alone  or  in  combination  with  wheat  flour 

Bye  flour  is  similar  to  wheat  flour  in  production  factors.  It  is 
commonly  used  in  connection  with  wheat  flour  in  restaurants  and  since 
it  can  often  be  purchased  somewhat  cheaper  than  wheat  flour  more  of 
it  should  be  used  in  the  home.  Rye  flour  when  used  alone  makes  a 
bread  with  a  strong  rye  odor  and  flavor.  This  is  less  pronounced  ir 
the  higher  grades  which  are  likely  the  only  ones  to  be  used  alone.  Tc 
determine  the  relative  value  of  the  lower  grades  of  rye  flour,  President 
Ladd  secured  two  samples  of  rye  flour  from  a  commercial  rye  mill 
One  a  pure  medium  colored  rye  flour,  representing  between  75  and  8< 
percent  of  the  kernel  and  designated  as  No.  100,  and  a  lower  grade 
from  a  similar  percentage  extraction  designated  as  No.  15X,  the  bet- 
ter half  of  the  flour  having  been  taken  out  as  white  rye  flour.  Assum- 
ing that  a  light  color  would  be  of  no  special  value  in  blends  of  this 
kind,  and  in  the  interests  of  economy,  a  low  grade  wheat  flour  was 
used  with  the  rye.  Photographs  of  the  bread  are  shown  in  figures  1 
and  2. 

The  wheat  flour  used  in  the  blends  when  baked  alone  had  only  a 
fair  flavor  for  a  low  grade  wheat  flour  of  its  class.  Those  who  have 
not  developed  a  taste  for  rye  bread  would  likely  prefer  that  contain- 
ing the  smaller  amounts  of  the  straight  rye  flour,  but  those  who  like 
the  rye  would  probably  prefer  about  a  25  percent  mixture  of  the  lower 
grade  No.  15X  rye.  For  most  people  any  higher  percentage  would  be 
too  strong  and  the  difficulty  in  baking  would  lead  to  greater  loss  oi 
the  finished  product. 

Because  of  ease  of  manipulation  and  greater  strength  the  highei 
grade  wheat  flours  can  carry  more  rye  but  might  not  be  as  satisfac 
tory  to  many  as  the  lower  grade  blends  because  of  the  lower  price  o: 
the  latter.  The  lower  grade  rye  has  a  much  greater  water  absorbinf 
power  than  the  wheat  or  the  higher  grade  rye  flour. 

But  little  barley  has  been  milled  in  the  United  States  to  date  an( 
just  what  its  possibilities  are,  is  not  very  well  understood.  Som^ 
experiments  were  made  in  the  experimental  mill  to  show  what  coulc 
be  expected  of  it.  Its  milling  value  is  discussed  in  connection  witl 
this  paper  by  Thomas  Sanderson. 

A  series  of  blends  with  the  two  grades  of  barley  flour  with  i 
wheat  flour  were  baked  (see  fig.  3)  to  determine  its  adaptability  fo: 
bread  making.  As  much  as  25  percent  of  the  higher  grade  barley  flour 
in  the  blend  is  hardly  noticeable  and  produces  a  very  mild  barle} 
flavor,  but  when  barley  is  milled  closer,  its  flavor  is  so  much  stronger 
that  25  percent  of  barley  in  the  blend  is  about  all  it  can  carry.    Bar 
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ley  dough  is  more  sticky  than 
wheat  dough  but  less  sticky  than 
that  from  rye  and  like  the  latter 
when  milled  close  and  baked  alone 
is  too  strong  to  be  relished  by  the 
average  American.  It  also  has 
a  greater  water  absorbing  power 
than  wheat  but  neither  barley  nor 
rye  retain  their  moisture  as  well 
as  the  wheat.  Straight  rye  and 
barley  flour  each  make  a  very 
compact  loaf.  The  denser  lojfves 
require  more  time  in  baking  which 
tends  to  equalize  the  increased 
water  absorption  by  permitting 
more  evaporation. 

When  wheat  flour  is  wet  the 
proteins  contained  within  it  ad- 
here to  form  a  sticky,  elastic  mass 
known  as  gluten.  The  gluten, 
encasing  starch  and  other  con- 
stituents forms  the  dough.  Gas 
formed  by  the  action  of  yeast 
makes  bubbles  within  the  dough 
which  cannot  escape  because  of 
this  gluten.  The  iticrease  in  size 
of  these  bubbles  causes  the  bread 
to  rise.  By  kneading  the  dough 
the  yeast  cells  which  have  become 
more  numerous  thru  division  arp 
uniformly  distributed  thruout  the 
dough  and  gas  is  produced  at  an 
increased  number  of  points.  The 
bubbles  will  thus  be  more  abun- 
dant but  smaller  and  of  more  uni- 
form size.  When  the  dough  is 
baked  the  places  where  the  gas 
was  held  remain  as  holes.  If 
the  dough  has  over-raised  or  is 
too  weak  the  gluten  walls  be- 
tween the  gas  bubbles  give  way, 
forming  larger  bubbles  which  re- 
suits  in  a  coarse  bread  or  a  col- 
lapse. Wheat  is  the  only  one  of 
the  commonly  used  cereals  which 
contains  gluten.  If  one  desires  to 
make  a  good  light  bread,  wheat 
flour  must  form  the  basis  for  it 
and  the  limit  to  the  amount  of 
'^ther  cereals  which  may  be  added 


Fig.  1 — Rye  and  ryo-^keit 

Straight  grade  wheat  flour 
15  percent  rye  No.  100    ) 


100 
15  percent  rye  No.  15X 


Bl 


Straight  rye  No.  100 
25  percent  rye  No.  100 
15  percent  rye  No.  100 
10  percent  rye  No.  100 


Fig.   2 — Rye    and    ryerhn 

Wheat  flour,  2nd  clear 
Low  grade  rye  No.  15X 
50  percent  rye  No.  15X 
25  percent  r^e  No.   15X 
10  percent  rye  No.  15X 


Fig.   3 — Barley   and   whtat  V|^ 

Wheat  flour  used  in  blending 
High  grade  barley  flouri  10  perceit. 
High  grade  barley  flour  25  percent. 

iHigh  grade,  30  percent  of  kernel,  No.  3571    V 
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rith  straight  grade  wheat  flour 


ixtures — left    to    right 


-Blended  with  2nd  clear  wheat  flot 


eft    to   right 
Lower   grade  barley   flour^   10   percent. 
Lower   grade  barley   flour   25   percent. 
Lower    grade   barley    flour   alone, 
wer   grade,   6S   percent   of  kernel,   No.   3 


is  determined  by  their  influence 
in  weakening,  as  well  as  diluting 
the  gluten.  Protein  material  from 
other  cereals,  eggs  aod  other  sub- 
stances may  retain  gas  but  they 
do  not  compare  with  wheat  gluten 
for  bread  making  and  hare  not 
the  body  or  tenacity  to  beat  much 
pressure.  Gluten  is  affected  dif- 
ferently by  acids,  salts,  sugar, 
fats,  other  proteins  and  tbe  fer- 
ments secreted  by  the  germs  of 
the  cereals.  Substances  like  starch 
are  more  or  less  inert  but  al  have 
a  diluting  and  modifying  inflience. 
The  protein  substances  u  the 
outer  wheat  coats  and  in  the  other 
cereals  with  the  exceptiin  of 
gliadin  in  rye  are  not  constituents 
of  gluten  and  their  addition 
almost  always  affects  the  elaiticity 
of  the  gluten  and  dough  advtrseiy, 
lowering    its    power    to   hold    gas. 

The  ability  of  a  flour  to  make 
a  large  good-textured  loaf  is  its 
'strength'.  In- some  cases  lack  of 
gas  production  causes  we&kness 
but  this  can  be  overcome  artifl- 
cially.  Lack  of  ability  to  retain 
the  gas  generated  by  the^  yeast 
is  more  often  the  difficulty  and 
usually  cannot  be  overcome  oscept 
by  mixing  with  flour  of  superior 
strength. 

SHOULD  THE  ENTIRE  WHEAT 
KERNEL  BE  REDUCED  TO  FLOUE 
OR  THE  PRODUCTT  MADE  CHEAP- 
ER BY  ADMIXTURE  OF  FLOUR 
FROM  OTHER  CEKEALSt 

The  modern  milling  process  is 
very  well  developed  and  although 
family  patent  grades  have  the 
preference,  practically  all  of  the 
endosperm  of  the  kernel  that  can 
be  recovered  is  marketed  in  the 
various  grades  of  white  flour. 
When  the  wheat  is  first  crushed 
on  the  rolls  some  flour  is 
formed  and  this  with  that 
last     removed    from     the    shorts 
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particles  goes  into  the  lower  grades.  The  patent  grades  come  from 
the  reduction  of  the  large  particles  of  endosperm  after  they  have  been 
purified  by  air  currents.  All  the  grades  of  flour  fliat  people  care  for 
is  used  for  human  consumption  and  the  remainder  is  used  for  paste  or 
as  stock  feed.  Any  increase  in  the  percentage  of  flour  would  render 
the  dough  more  sticky  and  ** runny"  and  it  would  also  result  in  a 
waste  of  more  bread  because  of  the  introduction  of  ferments,  the  in- 
clusion of  more  bacteria,  and  the  decrease  in  gas  retaining  power,  and 
this  in  turn  would  require  more  skill  in  baking.  With  the  higher 
grade  flours  the  method  of  making  bread  may  be  modified  freely  with- 
out seriously  injuring  the  product.  With  the  lower  grades  fermenta- 
tion ii  quickened,  the  periods  of  sponging  and  raising  may  be  changed 
only  within  narrow  limits  and  the  temperature  must  be  more  care- 
fully controlled.  Such  increase  in  percentage  of  flour  would  also 
render  the  introduction  of  other  cereals  less  satisfactory.  Those  de- 
siring the  laxative  properties  in  the  coarser  part  of  the  wheat  kernel 
can  add  the  bran  and  shorts  separately.  The  whole  wheat  bread  of 
the  hDusewife  is  usually  made  from  three-fourths  or  more  high  grade 
white  flour  and  one-fourth  or  less  whole  wheat  flour.  Such  a  loaf 
would  be  very  much  better  than  one  of  similar  color  made  by  in- 
creasing the  percentage  of  flour  by  close  milling  as  the  former  would 
contain  the  higher  percentage  of  strong  flour. 

Prom  the  nutrition  experiments  of  Hart  and  McCoUum  of  the 
Wisconsin  Experiment  Station  and  the  reports  of  Edgar  of  the 
conditions  in  Belgium,  it  is  evident  that  where  variety  of  food  is  very 
limited  and  a  single  product  forms  a  large  portion  of  the  ration  white 
bread  (about  75  percent  or  less  of  the  wheat  made  into  flour)  would 
be  very  much  safer  than  that  made  by  reducing  80  percent  or  more 
of  the  wheat  to  flour.  This  is  because  of  a  toxic  substance  in  the 
germ  pf  the  wheat  kernel  which  could  not  then  be  eliminated.  There 
is  no  reason  however  why  a  longer  (a  higher  percentage)  patent,  a 
straight,  or  a  low  grade  flour  should  not  be  more  generally  used. 

Corn  is  used  practically  alone  in  some  forms  of  bread.  It  is 
not  often  used  as  the  only  bread  in  the  home  and  is  in  general  favor 
only  when  warm.  Mixed  with  wheat  flour  up  to  25  percent  it  makes 
a  satisfactory  raised  bread  for  general  use.  Its  germ  must  be  almost 
completely  separated  in  the  milling  process  to  prevent  souring  when 
stored.  Like  whole  wheat  flour  and  others  which  are  not  bolted  thru 
fine  cloth  it  may  become  infested  with  moth  or  live  weevil  and  there- 
fore should  be  used  as  soon  as  possible  after  milling. 

Prom  the  preliminary  experiments  published  in  the  American 
Pood  Journal,  June,  1917,  by  E.  H.  S.  Bailey  and  W.  S.  Long  it  ap- 
pears that  flour  from  reduced  rolled  oats  could  be  used  to  advantage 
in  admixture  with  wheat  at  the  present  price  of  oats.  In  bulk  they 
can  be  obtained  at  about  half  the  price  of  wheat  flour.  The  hull  con- 
stitutes about  30  percent  of  the  kernel.  The  higher  the  percentage  of 
oat  flour  mixed  with  wheat  flour  the  more  compact  the  loaf  becomes. 
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EaiBr,  millet,  and  emmer  may 
1  time  be  given  consideration  by 
he  public.  Kaffir  would  rank 
long  with  com.  Millet  is  used 
xtensively  in  Asia,  Southern 
lurope,  and  Egypt  and  is  fairly 
alatable  in  mixtures  with  wheat 
our.  Emmer  makes  a  smaller 
^af,  darker  in  color,  and  stronger 
I  both  odor  and  flavor  than 
heat. 

Table  III  was  prepared  to  aid 
le  reader  in  making  an  economic 
)mparison  of  other  cereals  with 
heat.  Wheat  brings  the  highest 
rice  per  unit  weight.  If  the 
Qtire  kernels  were  used  as  food 
Qd  prices  remained  relatively  the 
ime  as  the  averages  of  the  past 
U  the  other  cereals  would  be 
)nipetitors  of  wheat.  There  ap- 
ears  to  be  no  data  for  compar- 
\g  the  cost  of  manufacture  of 
le  different  flours.  Of  all  these 
ireals,  rye,  com,  and  wheat  are 
le  only  ones  extensively  milled 
id  the  product  marketed  in  the 
nited  States. 

The  selection  of  substitutes  or 
ipplements  may  be  determined 
r  personal  preference  rather 
an  necessity.  In  either  case  the 
cts  above  cited  may  aid  in  mak- 
g  a  choice. 
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MILLING  VALUB  OF  BARLEY 
By  Thomaa  Sanderson 

In  the  adoption  of  barley  or  any  of  the  cereals  as  human  fooc 
products,  there  are  at  least  three  important  factors  to  be  considered 
namely;  comparative  food  value,  amount  of  increase  of  food  products 
and  the  economic  use  of  the  same.  The  two'  latter  items  are  considerei 
in  this  article. 

A  sample  of  barley  was  secured  from  the  Wisconsin  ExgerimeK 
Station.  It  was  the  common  type  and  graded  No.  3  under  the  North 
Dakota  grades.  It  was  designated  as  Wisconsin  No.  5  a  pure  strab 
grown  in  Bock  County,  Wisconsin.  This  sample  was  divided  into  lot? 
for  a  milling  and  baking  test.  Lot  1  was  given  laboratory  numbe 
3573  and  Lot  2,  3573A,  Lot  1  was  milled  on  the  large  experiments 
mill  equipped  for  milling  wheat  and  Lot  2  was  milled  on  the  small  tw 
stand  mill  on  which  the  bolting  could  be  done  on  different  fineness  c: 
bolting  cloth  to  secure  a  higher  percentage  of  flour.  The  foUowinf 
table  shows  the  percentage  of  the  different  products  obtained  froc 
these  two  lots. 

TABLE  IV.  MILLING  DATA  ON  BARLEY 


Lab.    number 


Flour 


Hulls 


Other 
offal 


Iams  in 
mil  ling 


Barley 

per  bbl. 

(196 

lb».) 

of  flour 


Bn.  and  lbs. 
per  bbl. 


Lot  1—3573 
rx)t  2— 3573A 


Percent 

Percent 

Percent 

Percent 

Lbs. 

30.24 

22.75 

44.45 

2.56 

649 

68.60 

17.07 

0.40 

4.03 

286 

I 

Bus. 

13 
5 


Lbs. 

25 
46 


A  study  of  this  table  shows  that  barley  cannot  be  milled  succe* 
fully  with  the  same  equipment  as  wheat,  and  in  the  opinion  of  tk 
writer  a  rye  mill  would  not  be  an  eflScient  equipment  for  producii 
results  comparable  with  that  of  Lot  2  in  the  above  table.  Therefo?. 
to  secure  results  similar  to  those  for  Lot  2  a  specially  equipped  nJ 
will  be  required.  It  might  be  possible  for  the  baker  and  housewi 
to  do  the  blending,  but  more  definite  and  satisfactory  results  would « 
obtained  in  a  properly  constructed  blending  plant. 

Some  millers  may  attempt  to  mill  the  barley  as  a  blend  with  t? 
wheat.  This  practice  will  prove  a  failure  as  is  shown  in  Spectf 
Bulletin  Vol.  11,  No.  18,  (North  Dakota  Experiment  Station)  page  3t 
issued  August  1913  by  the  Food  Commissioner.  This  test  shows  ttt 
the  addition  of  15  percent  of  barley  to  a  No.  2  Northern  hard  red  sprj? 
wheat  milling  sample  reduced  the  fiour  7.5  percent,  increased  the  loss^ 
milling  0.62  percent  and  gave  a  very  slight  reduction  in  the  qual;^ 
of  bread ;  indicating  that  a  very  small  amount  of  the  barley  had  bcfl 
bolted  as  flour,  and  that  the  bulk  of  it  had  gone  into  the  feed. 

If  a  scarcity  of  wheat  should  force  the  adoption  of  barley  as* 
bread  making  grain,  it  would  be  possible  to  equip  mills  to  prodite 
flour  comparable  with  that  shown  from  Lot  2  or  any  intcrmeditf^ 
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^rade  between  these  two  lots  that  might  be  desired;  or  if  might  be 
>08sible  to  get  as  high  as  50  percent  or  more  with  the  ordinary  rye 
nill. 

The  United  States  Department  of  Agriculture  gave  the  per  capita 
consumption  of  wheat  in  1916  as  5.31  bushels.  Assuming  the  popu- 
ation  to  be  ope  hundred  million,  the  wheat  requirement  would  be  five 
iiundred  thirty-one  million  bushels.  Allowing  a  milling  yield  of  68 
percent  of  flour,  would  give  40.8  pounds  of  flour  per  bushel  of 
wheat,  or  a  total  of  110,534,694  barrels.  This  figure  wUl  be  used  for 
these  deductions  as  it  is  about  the  average  percent  of  flour  secured 
from  the  No.  2  Northern  (Minnesota  grades)  wheat  samples  received 
from  the  1916  crop.  If  it  should  be  necessary  to  use  as  high  a  blend 
as  15  percent  of  barley  flour  milled  as  Lot  1,  then  224,178,176  bushels 
of  barley  would  be  required.  If  milled  as  Lot  2,  then  98,790,383 
bushels  of  barley  would  be  sufficient. 

Market  quotations  at  Chicago,  111.,  for  the  week  ending  Sept.  29th, 
1917,  are  reported  on  page  542  of  the  Northwestern  Miller  issued  Oct. 
3rd,  as  follows: — No.  3  Northern  (Federal  grades)  Wheat  $2.14  per 
bushel ;  barley,  $1,165,  Straight  flour  $10.35  per  barrel,  mill  feed  $1.77 
per  100  pounds.  Using  these  values  for  wheat  and  mill  products  a 
bushel  of  wheat  yielding  68  percent  of  flour  would  give  mill  products 
valued  at  $2.49  per  bui^el  and  a  gross  gain  for  manufacture  over  the 
cost  of  the  wheat  of  35  cents  per  bushel.  ^ 

Allowing  35  cents  as  the  cost  per  bushel  for  the  manufacture  of 
barley  into  flour  and  the  following  arbitrary  prices  for  the  by  products 
from  the  barley,  as  shown  in  Table  IV,  hulls  50  cents  per  100  pounds, 
other  offal  $1.50  per  100  pounds,  would  give  a  cost  price  for  the  barley 
Hour  from  Lot  1  of  $7,964  per  100  pounds ;  and  for  Lot  2  of  $4,333  per 
100  pounds. 

Therefore,  the  flour  requirement  for  a  year  manufactured  from 
No.  3  Northern  wheat  giving  a  yield  of  68  percent  of  flour  at  $10.35  per 
barrel  would  cost  $1,144,034,082.90.  Manufactured  from  85  percent  of 
wheat  and  15  percent  of  barley  milled  as  Lot  1  it  would  cost  $1,231,245,- 
956.47  or  $87,211,873.57  more  by  using  the  barley  and  would  reduce  the 
amount  of  wheat  required  79,650,000  bushels.  Manufactured  from  85 
percent  of  wheat  and  15  percent  of  barley  milled  as  Lot  2,  it  would 
cost  $1,113,244,643.01  or  $30,789,439.01  less  by  using  the  barley  and  \ 

would  reduce  the  wheat  requirement  79,650,000  bushels. 

According  to  the  above  flgures,  it  would  be  possible  to  use  an 
amount  of  barley  flour  that  would  produce  a  loaf  of  bread  very  litde 
below  the  quality  of  bread  made  from  all  wheat  flour  and  at  less  cost 
than  if  made  from  all  wheat  flour. 
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SOIL  SURVEY  OF  BOTTINEAU  COUNTY* 
By  R.  G.  Doneghue 

Bottineau  county  is  situated  in  the  north  central  part  of  North 
Dakota  the  northern  line  of  the  county  being  the  International  Bound- 
ary.   The  area  of  the  county  is  ], 075,840  acres  or  1,681  square  miles. 

There  are  two  general  types  of  topography  in  the  county.  The 
comparatively  level  to  gentle  undulating  Prairie-Plains  cover  the 
greater  part  of  the  county  and  the  rolling  Turtle  Mountains  the  north- 
east corner.  The  level  areas  of  the  Prairie-Plains  are  broken  by  a 
iijorainic  region  northeast  of  Souris,  a  small  rolling  area  5  or  6  miles 
\\vs\  of  Bottineau  and  small  depressions  and  eroded  areas  adjacent 
to  the  streams.  Numerous  depressions  are  found  in  the  Turtle  Momn- 
tains.  Some  of  these  are  filled  with  water  making  quite  large  lakes 
while  others  are  more  or  less  swampy  and  maintain  a  heavy  growth 
of  slough  grasses. 

The  general  elevation  of  the  Turtle  Mountain  region  is  from  400 
to  600  feet  above  the  surrounding  plain.  They  are  from  2,000  to  2,100 
fet't  above  sea  level.  St.  Paul  Butte  and  Bear  Butte  are  2,300  feet 
and  2,200  feet  respectively  above  sea  level. 

The  general  slope  of  the  county  is  south  and  southeast  although 
tlie  Mouse  River  flows  north.  In  the  eastern  part  of  the  county  the 
elevation  of  Bottineau  is  1,644  feet  above  sea  level.  Willow  City  has 
an  elevation  of  1,478  feet.  Nearer  the  river  in  the  north  central  part 
of  the  county,  Souris  and  Westhope  have  elevations  of  1,520  and  1,506 
feet  respectively.  Newburg  and  Deep  south  of  the  above  mentioned 
towns  have  elevations  of  1,472  and  1,458  feet.  The  western  half  of 
the  county  slopes  eastward.  Lansford  in  the  southwest  comer  of  the 
countv  is  1,613  feet  above  sea  level  and  Antler  in  the  northwest  has  an 
elevation  of  1,542  feet. 

There  are  numerous  depressions  without  outlet  and  several  large 
fiat  areas  that  are  only  partially  connected  with  the  drainage  system 
of  the  county.  The  main  drainage  of  the  county  is  effected  through 
the  Mouse  River.  The  flood  plain  lies  about  50  feet  below  the  sur- 
rounding country  and  the  valley  has  many  of  the  characteristics  of 
a  huge  canal.  The  banks  are  quite  precipitous  and  straight  with  few 
draws  running  back  in  the  prairies.  The  length  of  the  river  in  the 
county  is  about  30  miles  and  the  fall  is  so  slight  that  formerly  the 
river  meandered  back  and  forth  across  the  flood  plain  and  had  no 
well  defined  channel.  A  new  channel  has  recently  been  dredged 
which  makes  the  present  water  level  3  or  4  feet  below  the  level  of 
the  surface  of  the  soil  of  the  river  bottom  which  is  now  available  for 

*The  soil  survey  of  Bottineau  county  was  made  by  the  North  Dakota  Agri- 
eultural  Experiment  Station  in  cooperation  with  the  Bureau  of  Soils  of  the 
U.  8.  Department  of  Afjrieulture.  The  field  work  was  done  by  Melvin  Thomas, 
A.  C.  Anderson  and  ^Iiirray  Stobbins  under  the  supervision  of  R.  C.  Donegbue 
of  the  North  Dakota  Agricultural  Experiment  Station  and  W.  B.  Cobb,  W.  I. 
Watkins  and  A.  T.  Strahorn  of  the  Bureau  of  Soils.  The  chemical  analyses 
wore  made  by  J.  W.  Ince  of  the  North  Dakota  Experiment  Station. 
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agricultural  purposes.  The  southeastern  comer  of  the  county  is 
drained  by  Willow  Creek  which  has  very  little  fall  from  where  it 
enters  the  county  south  of  Overly  to  where  it  leaves  west  of  Willow 
City.  Willow  Creek  is  intermittent  as  are  all  other  tributaries  to 
the  Mouse  River  within  the  county.  There  is  very  seldom  any  running 
water  in  its  channel  but  pools  of  standing  water  are  common.  Oak 
Creek  has  its  source  in  the  Turtle  Mountains,  from  which  it  Aots 
south  and  joins  Willow  Creek  just  before  it  leaves  the  county.  It 
comes  down  from  near  the  central  part  of  the  mountains  through  a 
series  of  small  lakes  and  meadows  but  it  drains  a  strip  only  a  few 
rods  wide  along  its  channel  and  receives  some  of  the  run  off  from  the 
outer  edge  of  the  mountains  through  small  tributaries.  Boundary 
Creek  begins  along  the  western  edge  of  the  Turtle  Mountains  ad 
flows  approximately  southwest  to  the  northwest  part  of  Starbiick 
township,  where  it  turns  northwest  and  enters  the  Mouse  Rivfr. 
Stone  Creek  begins  in  the  Turtle  Mountains  northwest  of  BottinesE 
and  east  of  Carbury.  It  flows  south  aiid  west  and  joins  the  Monje 
River  west  of  Kramer.  It  traverses  the  large  body  of  heavy  lake 
bottom  soils  which  it  incompletely  drains  as  the  fall  is  very  slight 
tributaries  are  few. 

The  main  streams  west  of  the  Mouse  River  are  Antler  Creek 
Cut  Bank  Creek.  These  creeks  run  in  a  southeasterly  direction  m 
ally  turning  north  shortly  before  entering  the  river.  Antler  Creei 
runs  approximately  along  the  International  Boundary  and  drains  Ife 
adjacent  country.  Cut  Bank  Creek  enters  the  county  in  the  south- 
west comer  of  Wheaton  Township  and  joins  the  Mouse  River  jc>t 
east  of  Deep  after  having  swung  south  into  McHenry  County.  Id 
addition  to  these  main  tributaries  of  the  Mouse  River  there  are  nu^ 
erous  small  stream  channels,  sloughs,  and  drainage  way  depressions 
tributary  to  them.  Numerous  potholes  and  several  lakes  afford  drais- 
age  for  the  fields  immediately  surrounding  them.  Considering  tie 
relatively  scant  amount  of  rainfall  the  drainage  of  Bottineau  CouiO 
is  in  most  localities  sufficient  although  it  is  far  from  complete. 

CLIMATE. 

The  climate  of  Bottineau  County  is  subhumid  with  comparati\«l} 
long  winters  and  short  cool  summers.  Duirng  the  winter  months  i^ 
temperature  occasionally  gets  as  low  as  50°  P.  but  the  dry  atmosphere 
causes  the  cold  to  be  less  penetrating  than  in  more  humid  regions  tfi^ 
the  climate  though  somewhat  vigorous  is  by  no  means  excessively  »• 
During  July  and  August  the  temperature  occasionally  reaches  lOO^F, 
but  that  period  is  usually  very  short  and  the  nights  are  always  c^l 

The  following  data,  taken  from  the  records  of  the  Weatfcr 
Bureau  station  at  Willow  City,  except  for  the  northeast  corner  ^^ 
cupied  by  the  Turtle  Mountains,  are  typical  of  Bottineau  County. 

The  table  shows  this  to  be  a  region  of  rather  light  rainfall,  !«it 
normally  about  75  percent  of  the  precipitation  comes  during  the  grd*^- 
ing  season.  This  makes  it  possible  to  produce  as  good  crops  here  as 
in  regions  where  the  annual  rainfall. is  much  greater  but  is  less 
favorably  distributed. 
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TABLE  I. 


MONTHLY,  SEASONAL  AND  ANNUAL  TEMPERATURE 
AND  PRECIPITATION 


Temperature 

Precipitation 

Month 

Mean 

op 

10.0 
1.7 
3.7 

• 

BB 

<B 
'F 

50 

4S 
5H 

Absolute 
minimum  t 

Mean 

Total  amount 
for  the 
driest  year 
(1897) 

Total  amount 
for  the 
wettest  year 
(1908) 

Snow, 

average 

depth 

Dt'cember    

-37 
-52 
-54 

Inches 

0.37 
0.37 
1.42 

Inches 

0 

T 

0.40 

Inches 

0.46 

T 

1.40 

Inches 
3.4 

.Tanaary 

February     

1.8 
5.1 

Winter    

5.1 

56 

-54 

1.1 

0.40 

1.86 

10.3 

March   

April  

May 

16.« 
40.2 
.32.3 

6.') 
8« 
95 

-45 

-22 

10 

0.80 
0.89 
1.87 

0.85 
0.66 
0.58 

0.80 
1.60 
1.53 

3.0 

1.6 

0 

Spring    

36.4 

95 

-45 

3.56 

2.09 

3.93 

4.6 

June    

61.4 
65.9 
64.1 

90 
101 
104 

28 
30 
27 

1          3.70 

2.21 

•          1.86 

7.77 

1.17 
2.77 
0.45 

6.80 
2.50 
3.10 

11.90 

0 

.July    

AuKUitt    

0 
0 

Sununer  

63.8 

104 

27 

4.39 

0 

September  

October  

November    

54.3 
42.2 
20.7 

101 
87 
75 

11 
-  2 
-30 

1.73 
0.66 
0.45 

0.34 
0.52 
0.42 

0.58 
0.62 
0.47 

1.0 
0.6 
6.9 

Fall  

39.1 

101 

-30 

2.84 

1.28 

1.67 

7.4 

.Yoar    

.36.1 

104 

^ < 

-54 

15.33 

8.16 

19.36 

22.3 

•Flighest   temperature   recorded, 
tl^owest  temperature  recorded. 

The  average  date  of  the  last  killing  frost  in  the  spring  is  May  20th 
and  the  first  in  the  fall  is  September  11th.  The  date  of  the  latest 
frost  recorded  at  Willow  City  in  the  spring  is  June  4th  and  of  the 
earliest  in  the  fall  is  August  2(>th.  The  average  growing  season  be- 
tween killing  frosts  varies  from  about  95  days  in  the  more  elevated 
northern  parts  of  the  county  to  approximately  104  days  in  the  lower 
southern  part. 

The  fall,  winter  and  spring  months  are  usually  rather  windy  and 
occasionally  hot  winds  damage  the  crops  in  summer.  Hail  occasionally 
damages  the  crops  but  on  the  average  the  aggregate  of  the  damage 
done  to  the  crop  of  the  county  comprises  but  a  small  percentage  of 
the  total  acreage.  The  snowfall  is  comparatively  light  and  the  ground 
which  freezes  to  a  depth  of  from  4  to  6  feet  is  frequently  bare  during 
the  winter  months. 

The  rainfall  in  the  Turtle  Mountains  is  said  to  be  greater  than 
that  in  the  rest  of  the  county.  Although  no  records  have  been  kept 
the  fact  that  crop  failures  due  to  drought  are  unusual  in  the  mountain 
region  would  seem  to  substantiate  this  opinion. 
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SOILS. 

The  soils  of  Bottineau  County  have  been  derived  from  glack 
drift.     Much  of  this  remains  in  nearly  the  same  position  as  when 
was  deposited  when  the  great  ice  sheet  melted.     It  has  been  reworke! 
to  a  considerable  extent  in  some  parts  of  the  county.     A  consideral 
portion  of  the  county  lies  within  the  region  known  to  geologists  . 
Olacial  Lake  Souris  and  some  of  the  soils  show  evidence  of  lacustriu 
origin.     There  are  no  well  defined  beaches  and  the  areas  in  whiti 
these  soils  are  found  are  somewhat  irregular.     The  fact  that  many 
the  soils  are  sandy  in  texture  indicates  that  they  were  depositeil  ]; 
running  water  flowing  from  the  melting  glacier.     The  large  amount 
of  gravel  along  some  of  the  small  streams  indicate  that  the  soils  : 
that  region  were  formed  by  torrential  glacial  streams.     The  fine  toi 
tured  soils  in  the  vicinity  of  Souris  and  Gardena  were  probably  a 
posited  from  the  quiet  water  of  glacial  lakes.     The  glacial  drift  ai: 
the   material   deposited   by   water  in   lakes   and  streams   have  be^: 
changed  somewhat  by  weathering  and  the  accumulation  of  orgai 
matter.     Three  groups  of  soils  or  soil  provinces  are  found  in  Bo 
tineau  County. 

1.     rPIJVND  SOILS. 

The  upland  soils  which  occupy  the  greater  part  of  the  county  a^ 
classified  in  the  Glacial  Province.  Typically  these  soils  have  bes 
formed  by  the  weathering  of  unmodified  glacial  drift.  Boulders  a* 
present  but  not  usually  abundant  enough  to  interfere  with  clllti^^ 
tion.  In  this  county  some  of  the  soils  which  have  been  reworked 
some  extent  have  been  placed  in  this  province  because  of  their  clr 
similarity  to  those  formed  from  the  unmodified  drift.  These  are  fr- 
from  gravel  and  boulders.  The  soils  of  this  province  have  been  fr 
ther  subdivided  into  the  Barnes  and  Williams  series.  The  Valentr 
fine  sand  in  this  county  is  also  essentially  an  upland  soil. 

2.     BENCH   LAND  AND   LAKE   BOTTOM    SOILS. 

The  bench  land  and  lake  bottom  soils  which  occupy  glacial  t»' 
races  and  lake  basins  are  classified  in  the  Glacial  Lake  and  Riv 
Terrace  province.  The  soils  of  the  Sioux,  Fargo,  Rogers,  and  Maj< 
series  belong  to  this  group. 

3.     THE  BOTTOM  LAND  SOILS. 

The  bottom  land  soils  which  occupy  the  flood  plain  of  the  streaJ^ 
belong  in  the  River  Flood  Plains  province. 

The  relative  area  of  the  soils  in  the  several  groups  is  indicated" 
Table  IT. 

BARNES  SILT  LOAM. 

The  Barnes  Silt  loam  is  uniform  in  texture  to  a  depth  of  10  to?' 
inches  with  an  average  depth  of  14  inches.  The  color  varies  ir^ 
brown  to  black  but  is  usually  a  dark  brown.  The  organic  matter  ex- 
tent is  very  high.  The  soil  pulverizes  easily,  does  not  crack  on  d'- 
ing  out  and  is  not  hard  to  cultivate. 

Some  gravel  is  found  on  the  surface  and  is  intermingled  ^\^- 
the  soil  and  subsoil  thruout  the  soil  column.  Occasional  bouldf:^ 
are  found  over  most  of  the  type  especially  near  the  Mouse  River  ai 
the  Eidsvold  Township  region.     Much  of  this  area  and  much  of  tH> 
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TABLE  II.     SOIL  TYPES  OF  BOTTINEAU  COUNTY 


Soil  type 


Area 


Sq.  miles 


Acrea 


Upland  soils 

Barnes  loam  

Barnes    loam — stone    free    phase    

Barnes   loam — heavy   subsoil   phase   , 

Barnes   very   fine    sandy    loam    , 

Barnes  very  flne  sandy  loam — stone  free  phase 

Barnes    flne    sandy    loam    

Barnes  fine  sandy  loam — stone   free  phase 

Barnes  silt   loam   , 

Barnes  silt  loam — stone  free  phase  ;.. 

Barnes   clay    loam    , 

Barnes  clay  

WilUams    loam — rolling    phase    

Williams   sandy   loam — rolling   phase    

Williams   gravelly   loam    , 

Valf'ntine    flne    sand 

Bench  land  and  lake  bottom  soils 

Farjo  clay  

Fargo    silty    clay    loam    

Rogers  clay  loam  

Poat  and  mack  

Maple  clay   loam   

Slonx    loam    

Sionx  sandy  Joam  

Sioux    gravelly    loam    

Bottom  land  soils 

T^nmoure    clay    , 

f^amoure    pilt   loam    

Lamoure   flne  «*andy   loam   

Total 


21.6 

1.4 

11.6 


1,681.0 


468.8 

800,032 

27.9 

42.7 

27,828 

2.5 

34.6 

22,144 

2.1 

114.3 

73,152 

6.8 

256.0 

168,840 

15.2 

116.9 

74,816 

7.0 

77.9 

49,856 

4.6 

76.6 

49,024 

4.5 

63.4 

40,576 

8.8 

68.5 

43,840 

4.1 

3.8 

2,482 

.2 

26.8 

17,152 

1.6 

4.0 

2,560 

J2 

15.0 

9,600 

.9 

20.6 

1 

13,184 

1.2 

93.2 

59.648 

6.5 

66.6 

41,920 

8.9 

4.7 

8,008 

.3 

12.7 

8,128 

.8 

15.2 

9,728 

.9 

28.0 

17,920 

1.7 

25.8 

16,512 

1.5 

11.4 

7,296 

.7 

13,824 

896 

7,424 


1,075,840 


I  I 


Percent 
of  total 


1.3 
.1 
.7 


lOQ.O 


type  mapped  east  of  there  is  finer  in  texture  than  the  typical  silt 
loam,  approaching  a  silty  clay  loam. 

At  14  inches  the  soil  generally  grades  thru  a  light  brown  into  a 
grayish  yellow  at  20  to  86  inches.  The  texture  usually  becomes  a  silty 
clay  loam  at  14  inches.  Prom  30  to  26  inches  the  texture  varies 
from  a  silt  loam  to  a  silty  clay  loam,  being  usually  a  heavy 
silt  loam.  Where  the  Barnes  silt  loam  is  associated  with  the  Barnes 
very  fine  sandy  loam  the  subsoil  is  coarser  in  texture  and  approaches 
a  very  fine  sandy  loam.     The  subsoil  contains  considerable  lime. 

The  topography  varies  from  level  to  gently  undulating.  It  gen- 
erally occurs  at  elevations  slightly  lower  than  the  Barnes  loam  and 
in  places  especially  in  the  smaller  enclosed  areas  the  soil  texture  is 
slightly  affected  by  deposition  by  water.  The  topography  is  en- 
tirely constructional.  The  type  is  derived  from  glacial  till  and  con- 
sists of  typically  unassorted  material. 

It  has  no  definite  drainage  system  but  the  drainage  is  usually 
sufficient  to  take  care  of  the  rainfall. 

Practically  all  of  the  type  is  cultivated.  It  is  one  of  the  most 
desirable  soil  types  in  the  region.  All  crops  adapted  to  the  region 
do  well  on  this  type.     This  is  usually  a  slightly  more  productive  soil 
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than  the  Barnes  loam.    A  little  larger  proportion  of  the  farm  can  b 

devoted  to  grain  production  on  the  Barnes  silt  loam.      A  rotation  o: 

corn  or  potatoes  1  year, 
wheat  1  year, 
oats  or  barley  1  year, 
hay  1  year, 
pasture  1  year, 
flax  1  year, 
wheat  1  year, 

— would  be  suited  to  this  type.  A  mixture  of  grasses  and  a  little  a> 
falfa  should  give  good  results  as  a  hay  crop.  Brome-grass,  rye-gra? 
and  timothy  would  make  a  good  grass  mixture  in  this  rotation.  Ths 
is  a  good  alfalfa  soil. 

BARNES    SILT    IX)AM— STONE    PREE    PHASE. 

The  stone  free  phase  of  the  Barnes  silt  loam  is  a  dark  grayisc 
brown  or  black  silt  loam  from  8  to  18  inches  deep.  The  averaj? 
depth  of  the  surface  soil  is  about  15  inches.  Occasionally  the  textui? 
is  a  little  coarser  than  typical  silt  loam  due  to  the  presence  of  a  eoi 
siderable  amount  of  very  fine  sand,  and  where  areas  of  the  Xyy 
border  on'  the  Fargo  clay  or  silty  clay  loam  the  surface  soil  is  ; 
rather  heavy  silt  loam.  The  texture  of  the  subsoil  is  usually  the  san^ 
as  that  of  the  surface  soil  or  slightly  more  silty.  The  color  of  tl* 
subsoil  is  typically  brownish  or  yellowish  gray  to  gray  although  sligl 
variations  from  these  colors  are  frequently  encountered.  In  some  i: 
stances  just  below  the  layer  of  dark  colored  surface  soil  there  is 
brown  silt  loam  which  passes  into  a  light  gray  silt  loam  to  silt  ( 
from  22  to  28  inches  below  the  surface.  When  wet  the  lower  subsr 
is  frequently  light  yellow  in  color  but  on  drying  it  becomes  gra; 
The  subsoil  is  generally  friable  in  structure,  but  in  some  slightly  iV 
pressed  areas,  there  is  a  compact  layer  just  below  the  surface  sc 
which  approaches  a  silty  clay  loam  in  texture.  This  compact  layer  » 
brownish  in  color  and  is  usually  about  6  inches  in  thickness.  Tl- 
subsoil  below  this  is  a  brownish  gray  or  gray  silt  loam.  The  exte: 
of  this  variation  of  the  type  is  small  and  such  areas  as  do  occr 
usually  cover  a  few  acres  within  larger  typical  areas  of  the  type.  O 
dinarily  the  subsoil  is  more  silty  than  the  surface  soil  but  in  sot' 
areas  associated  with  the  stone  free  phase  of  the  Barnes  very  fi.^ 
sandy  loam  which  is  more  undulating  in  topography  than  the  n- 
jority  of  the  type  the  subsoil  contains  a  high  percent  of  very  fi* 
sand.  The  surface  soil  is  usually  slightly  calcareous  and  the  subsJ 
is  always  markedly  so.  The  topography  is  gently  undulating.  Te 
drainage  is  sufficient  although  most  of  the  rainfall  soaks  into  the  sc- 
There  are  no  gravel  and  boulders  present.  By  far  the  greater  part  i 
the  type  is  under  cultivation  and  average  crop  yields  are  as  good  i> 
those  on  any  other  soil  in  the  county.  The  rotation  outlined  for  p 
typical  phase  of  the  Barnes  silt  loam  is  suited  to  this  phase. 

BARNES   LOAM. 

The  Barnes  loam  is  a  dark  brown  loam  to  an  average  depth  oi^ 
or  9  inches.  The  texture  varies  from  a  light  loam  to  a  silty  ratlifr 
heavy  loam  with  a  high  organic  matter  content.  In  most  cases  it 
contains  a  high  percentage  of  very  fine  sand.     The  subsoil  is  usualf 
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slightly  finer  in  texture  especially  in  a  layer  occuring  at  about  15  or 
20  inches.  It  grades  into  a  slightly  yellowish  brown  at  about  9  inches 
and  turns  into  a  very  light  slightly  yellowish  gray  at  varying  depths 
but  usually  at  about  20  inches.  The  color  of  the  subsoil  varies  with 
the  moisture  content  becoming  yellow  when  wet.  The  substratum 
at  depths  below  20  feet  is  blue  clay. 

In  the  northwestern  corner  of  the  county  much  of  the  type 
mapped  is  rather  coarse  in  texture  being  closely  associated  with 
the  Barnes  very  fine  sandy  loam  of  that  region.  A  finer  textured 
phase  occurs  in  Cut  Bank  Township.  More  than  the  usual  amount  of 
gravel  occurs  over  much  of  the  type  mapped  in  Scandia  and  Haram 
Townships  (163-77  and  78.) 

This  soil  is  easy  to  cultivate  and  does  not  bake  or  crack  on  dry- 
ing. The  lime  content  is  unusually  high  in  the  subsoil  which  gives 
it  a  light  color  and  well  granulated  rather  floury  structure.  Small 
reddish  ii*on  specks  are  frequently  found  thruout  the  subsoil.  Boul- 
ders are  commonly  scattered  over  the  surface  of  the  type  especially 
in  the  western  part  of  the  county,  but  are  not  usually  present  in  suffi- 
cient quantities  to  seriously  interfere  with  cultivation.  The  stone 
and  gravel  content  consists  of  crystalline  rocks,  granite,  gniess, 
schist  and  dark  colored  eruptives  and  limestone.  A  considerable  per- 
centage of  the  small  stone  content  is  limestone.  All  stones  that  have 
been  imbedded  in  the  soil  are  ingrusted  with  lime. 

Most  of  this  type  has  no  definite  drainage  system  but  it  is  usually 
sufficient  to  take  care  of  the  rainfall.  It  is  quite  free  from  alkali. 
The  topography  is  usually  gently  undulating  being  about  level  in 
places.  An  exception  to. this  is  a  limited  area  northwest  of  Carbury 
which  is  quite  rolling.  Practically  all  of  the  type  is  utilized  for  agri- 
cultural purposes.  Approximately  90  percent  of  it  is  cultivated  at 
present  and  practically  all  can  be  tilled. 

This  is  a  productive  soil  and  is  well  suited  to  general  farming. 
It  will  hold  the  greater  part  of  the  rainfall  which  if  properly  utilized 
will  produce  good  crops.  This  can  be  accomplished  by  growing 
crops  in  a  well  planned  rotation.  Such  a  rotation  system  should  con- 
sist of  a  cultivated  or  intertilled  crop  and  a  grass  or  legume  crop  in 

addition  to  the  small  grains.     A  rotation  of 

corn  or  potatoes  1  year, 
wheat  1  year, 
oats  1  year, 
grass  1  year, 
pasture  1  year, 
flax  1  year, 

could  be  followed  on  many  farms  on  this  type.  The  manure  could  be 
used  as  top  dressing  for  the  pasture  or  plowed  under  for  com.  Al- 
falfa can  be  grown  successfully  on  this  type  and  should  have  a  place 
in  the  cropping  plan.  When  a  stand  has  been  obtained  it  should  be 
left  down  for  at  least  6  years.  It  can  be  left  for  a  longer  period 
but  the  soil  where  the  alfalfa  has  been  grown  is  improved  for  the 
growing  of  other  crops  and  it  is  a  good  plan  to  put  this  land  into 
the  rotation  and  seed  another  field  to  alfalfa.  Where  alfalfa  seed  is 
the  principal  source  of  income  it  may  be  advisable  to  leave  the  land 
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in  alfalfa  for  a  longer  period.    Another  rotation  that  would  be  suited 

to  some  farms  on  this  type  is  as  follows: 

corn  1  year, 
wheat  1  year, 
oats  or  barley  1  year, 
hog  millet  1  year, 

Alfalfa  could  be  grown  on  one  field  for  4  or  8  years  and  then  plowed 

up  and  the  field  placed  in  the  regular  rotation,  another  field  being 

seeded  to  alfalfa.     Brome-grass  can  be  used  as  a  pasture  for  severa 

years  and  then  plowed  up  and  the  field  placed  in  the  regular  cropping 

system,  another  field  being  used  for  pasture. 

BARNES  LOAM — STONE  FREE  PHASE. 

The  surface  soil  of  this  type  is  a  dark  grayish  brown  loam  froE 
8  to  20  inches  deep.  In  slightly  elevated  undulating  areas  the  typf 
may  contain  a  high  percent  of  very  fine  sand  and  should  be  de- 
scribed as  a  light  loam  while  in  depressed  areas  the  soils  are  fre 
quently  a  little  heavy.  The  subsoil  to  a  depth  of  36  inches  is  i 
yellowish  or  brownish  gray  loam  to  silt  loam.  The  more  level  area* 
are  silty  and  gray  in  the  subsoil  except  for  a  few  small  areas  whicl: 
are  depressional  and  receive  seepage  from  higher  lying  types.  Thea 
latter  mentioned  areas  usually  have  dark  brown  rather  compact  siltj 
subsoils.  The  more  elevated  undulating  areas,  those  associated  witt 
the  stone  free  phase  of  the  Barnes  very  fine  sandy  loam  and  silty  loan 
usually  have  light  loam  subsoil  and  are  grayish  brown  in  color. 

Where  this  type  is  sufficiently  well  drained  it  is  well  suited  t: 

the  production  of  small  grain.     To  secure  the  best  results  they  shoxili 

be  grown  in  a  rotation  with  corn  and  some  hay  crop.    Alfalfa  wouK 

give  a  good  yield  of  hay  and  help  to  maintain  the    fertility  of  tb 

soil  and  improve  the  physical  structure.     A  rotation  of 

corn  or  potatoes  1  year, 
wheat  1  year, 
barley  or  oats  1  year, 
hay  1  year, 
pasture  1  year, 
flax  1  year,  and 
wheat  1  year, — 

should  give  good  results  on  this  type.     Timothy,  western   rye-grai 

or  brome-grass  could  be  seeded  with  the  oats  or  barley  for  hay  tK 

following  year.     A  mixture  of  these  grasses  might  be  advisable  undf 

some  conditions  and  in  some  of  the  poorly  drained  areas  an  admixtut 

of  red  top  would  help  to  thicken  the  stand.     The  topography  is  u* 

ally  gently  undulating  although  a  few  level  areas  occur.     Drainai? 

is  sufficient  except  in  a  few  depressed  areas.     The  type  was  evident? 

deposited  by  glacial  waters,  either  in  the  form  of  shallow  'lakes  or  is 

moving  waters  from  the  melting  ice.     The  type  is  free  from  graxfl 

or  boulders, 

BARNES    VERT    FINE    SANDY    LOAM. 

The  Barnes  very  fine  sandy  loam  is  usually  a  dark  slightly  grayii 
brown  very  fine  sandy  loam  to  8  or  18  inches  with  an  average"  depts 
of  about  12  inches.  It  appears  quite  black  when  in  a  moist  conditiea 
due  to  the  high  organic  matter  content.  A  slight  sprinkling  oi 
gravel  is  found  on  the  surface  and  some  stone  is  always  found.    TTif 
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upper  subsoil  i^  brown.  It  grades  into  a  grayish  yellow  or  yellowish 
gray  calcareous  very  fine  sandy  loam  at  about  20  inches,  the  depth 
varying  with  the  thickness  of  the  surface  layer.  Below  this  the 
subsoil  is  almost  a  pure  silt.  The  subsoil  becomes  distinctly  yellow 
when  moist  and  turns  to  a  light  gray  when  dry.  It  is  quite  retentive 
of  moisture.  The  subsoil  is  fairly  compact.  Both  the  soil  and  subsoil 
are  very  smooth  and  even  textured  and  have  a  floury,  velvety  struc- 
ture when  dry  but  become  quite  sticky  when  wet.  The  subsoil  is 
not  stratified  and  consists  of  unassorted  fine  and  coarse  material.  A 
few  gravel  are  present  throughout  the  soil  column.  ' 

The  topography  is  usually  undulating.  Drainage  is  good.  The 
type  is  derived  from  glacial  till  most  of  which  has  not  been  materially 
modified  since  its  deposition.  Some  areas  evidently  have  been  af- 
fected by  wind  action  judging  by  the  extreme  uniformity  and  fineness 
of  the  material  and  by  the  comparative  absence  of  gravel  and  boul- 
ders. Many  such  small  bodies  are  scattered  over  the  country  notably 
around  Whitby  Township  and  some  of  the  areas  skirting  the  Mouse 
River  bottom  on  the  east.  This  type  is  considered  a  productive  soil. 
During  favorable  seasons  it  produces  yields  which  compare  very  favor- 
ably with  other  soil  types  of  the  county  but  crops  suffer  from  drouth 
more  than  on  the  heavier  types  in  extremely  dry  years.  It  is  re- 
garded as  being  especially  well  adapted  to  intertilled  crops  such  as 
corn  and  potatoes. 

The  same  cropping  systems  as  outlined  for  the  Barnes  loam  would 
be  suited  to  this  type.     A  rotation  of 

com  or  potatoes  1  year, 

wheat  1  year, 

winter  rye,  1  year, 

oats  1  year, 

— with  a  fifth  field  in  alfalfa  which  would  be  worked  into  the  rota- 
tion every  4  or  8  years,  would  be  suited  to  many  forms  on  this  type. 
A  sixth  field  in  brome-grass  pasture  could  be  worked  in  the  same  as 
the  alfalfa.     Another  rotation  that  could  be  followed  would  be 

corn  or  potatoes  1  year, 
wheat  1  year, 
hay  1  year, 
pasture  1  year, 
wheat  1  year, 
oats  1  year. 

BARNES   VERT    FINE    SANDY    LOAM — STONE    FREE    PHASE. 

This  phase  of  the  Barnes  very  fine  sandy  loam  to  an  average 
depth  of  12  or  14  inches  is  a  dark  grayish  brown  very  fine  sandy  loam. 
The  dark  colored  surface  soil  varies  in  depth  from  6  or  8  inches  to  24 
inches  or  more.  In  some  areas  the  surface  soil  is  fine  textured  ap- 
proaching a  silt  loam.  The  subsoil  to  a  depth  of  36  inches  is  usually 
a  yellowish  gray  very  fine  sandy  loam.  This  is  more  especially  true 
when  the  layer  of  surface  soil  is  of  maximum  depth  and  probably 
represents  a  less  well  aerated  condition  than  the  more  yellow  subsoil 
phase  of  the  type.  Frequently  a  gray  layer  is  encountered  just  be- 
neath the  surface  soil  which  grades  into  a  yellowish  gray  or  even 
pale  yellow  very  fine  sandy  loam  containing  a  high  percent  of  silt. 
This    yellow   subsoil   usually   becomes   light   gray    on    drying.     Some 
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small  areas  west  of  Oardena  have  brown  rather  than. yellowish  gray 
subsoils.  The  subsoil  nearly  always  contains  a  hi^  percent  of  silt 
and  has  a  characteristic  friable  structure.  A  few  small  depressioriM 
were  mapped  within  larger  areas  of  the  stone  free  phase  of  the  Barnes 
very  fine  sandy  loam  which  have  a  very  fine  sandy  loam  surface  soil 
underlain  by  a  very  fine  sandy  clay  or  silty  clay  loam  subsoil  which  is 
yellowish  or  brownish  gray  in  color.  Areas  of  this  variation  of  the 
type  occur  chiefly  in  the  southeast  part  of  the  county.  Some  de- 
pressed areas  occur  in  which  the  color  and  texture  of  the  soil  differs 
very  little  from  that  of  the  more  extensive  areas  of  the  type.  It  is 
free  from  gravel  or  boulders.  The  material  composing  the  soil  was 
evidently  sorted  out  and  deposited  by  glacial  waters.  The  most  plaus- 
ible explanation  of  the  deposition  of  this  soil  material  is  that  the  ice 
sheet  above  these  areas  of  soil  bore  large  quantities  of  very  fine  sand 
and  still  finer  material.  The  ice  melted  very  rapidly,  the  water  de- 
positing the  greater  part  of  the  sand  and  a  good  deal  of  the  silt  before 
it  sought  the  slightly  lower  levels  and  became  stationary.  The  finer 
materials,  the  clays  and  the  greater  part  of  the  silts,  were  then  de- 
posited more  slowly.  The  original  material  was  probably  fine  sand- 
stones and  shales. 

This  type  is  easy  to  cultivate  and  the  topography  is  sufficiently 
uniform  to  permit  cultivation  of  probably  95  to  100  percent  of  the 
type.  The  same  cropping  can  be  followed  on  this  type  as  on  the 
typical  Barnes  very  fine  sandy  loam. 

BARNES  FINE  SANDY  LOAM. 

The  greater  proportion  of  the  Barnes  fine  sandy  loam  is  a  mediuni 
dark  grajrish  brown  fine  sandy  loam  to  7  to  20  inches  deep.  This 
type  as  mapped  east  of  the  Mouse  River  differs  considerably  from  the 
type  mapped  west  of  the  river.  The  phase  mapped  east  of  the  Mouse 
River  has  a  dark  layer  of  an  average  depth  or  about  8  inches,  below^ 
which  it  grades  through  a  light  brown  into  a  yellowish  gray  fine 
sandy  loam.  The  soil  and  subsoil  of  this  phase  contains  a  high  per- 
centage of  coarse  sand  and  gravel  often  approaching  a  sandy  or 
gravelly  loam  and  includes  some  small  bodies  of  sandy  loam.  Boul- 
ders are  common  on  this  phase.     It  generally  has  a  rolling  topography. 

The  Barnes  fine  sandy  loam  mapped  in  the  western  part  of  the 
county  is  mostly  a  fine  sandy  loam  to  an  average  depth  of  about  12 
inches  or  more.  It  usually  has  a  smooth  even  texture  although  it 
varies  from  a  fine  textured  very  fine  sand  to  almost  a  loam.  Much 
of  it  approaches  the  lighter  phase  of  the  Barnes  loam  in  texture. 
The  soil  has  a  fairly  high  organic  matter  content  and  is  quite  free 
from  gravel  and  boulders.  The  subsoil  grades  through  a  brown  fine 
sandy  loam  into  a  grayish  yellow,  which  occurs  below  20  inches.  It 
has  an  undulating  to  level  topography. 

The  subsoil  of  the  Barnes  very  fine  sandy  loam  is  highly  calcare- 
ous.    It  is  loose  and  incoherent  in  structure. 

The  subsoil  is  not  very  retentive  of  moisture  although  it  retains 
the  greater  part  of  the  rain-fall.  Most  of  the  type  is  naturally  well 
drained  but  there  is  practically  no  surface  runoff.  The  moisture  is 
absorbed  by  the  soil  and  any  excess  escapes  by  percolation.     Most 
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of  the  type  is  evidently  derived  from  unmodified  glacial  till.  The 
type  has  been  very  slightly  aflfected  by  wind  action.  The  more  evfen 
textured  areas  have  to  be  handled  very  carfuUy  to  prev-ent  drifting. 
This  soil  is  inclined  to  be  drouthy  but  in  favorable  seasons  it 
produces  very  good  yields.  It  ia  regard-ed  as  being  especially  well 
adapted  to  intertilled  crops. 

A  rotation  of 

corn  1  year, 
durum  wheat  1  year 
winter  rye  1  year,  and 
sweet  clover  1  year, 

wih  a  fifth  field  in  alfalfa  to  be  put  in  the  rotation  every  four  or  eight 
years  should  work  out  well  on  this  type.  If  the  soil  is  inclined  to 
drift  the  com  ground  could  be  given  a  light  covering  of  manure  after 
the  crop  has  been  cut.  The  following  spring  it  would  be  seeded  to 
wheat  without  plowing.  After  the  wheat  crop  is  removed  in  the  fall, 
winter  rye  can  be  seeded  in  the  stubble.  Early  the  following  spring, 
sweet  clover  would  be  seeded  with  the  rye.  The  following  year  the 
sweet  clover  crop  could  be  cut  for  hay  or  seed.  The  next  year  it 
could  be  plowed  and  planted  to  corn  again.  Under  this  system  the 
land  would  be  plowed  but  once  in  4  years  and  the  soil  would  be  pro- 
tected from  drifting  during  the  winter  and  spring.  The  soil  would 
be  fairly  compact  and  should  produce  good  crops. 

BARNBS  FINE  SANDY  LOAM— STONB  FREB  PHASB. 

The  surface  soil  of  this  type  is  a  dark  gray  to  almost  black  fine 
sandy  loam  or  light  fine  sandy  loam  from  8  to  20  inches  in  depth. 
The  average  depth  of  the  dark  layer  is  about  14  inches.  There  is 
very  seldom  an  abrupt  change  in  color.  The  upper  subsoil  is  a  medi- 
um dark  gray  shading  into  a  gray  or  light  gray  color  in  the  lower 
layers.  The  texture  to  30  inches  is  a  fine  sandy  loam.  Below  this 
depth  the  subsoil  is  usually  a  heavy  fine  sandy  loam  or  clayey  fine 
sandy  loam  which  varies  from  gray  to  drab  in  color.  This  heavier 
layer  is  not  always  encountered  within  the  three  foot  section.  The 
type  is  usually  free  from  gravel  and  boulders.  Some  fine  gravel  oc- 
curs in  spots  in  some  of  the  areas  in  the  eastern  part  of  the  county 
and  in  the  areas  south  of  Maxbass.  A  few  small  areas  of  sandy  loam 
were  included  with  this  type.  Such  areas  occur  near  Lords  Lake  in 
the  eastern  part  of  the  county  southwest  of  Bottineau,  and  south  of 
Maxbass.  The  topography  as  a  whole  is  from  level  to  gently  un- 
dulating. It  is  usually  a  little  lower  elevation  than  the  stone  free 
phase  of  the  Barnes  very  fine  sandy  loam.  The  material  seems  to 
have  been  deposited  by  sheets  of  glacial  waters  as  they  flowed  from  the 
melting  ice  into  Olacial  Lake  Souris. 

This  type  is  not  as  productive  as  the  stone  free  phase  of  the 
Barnes  very  fine  sandy  loam  but  is  a  good  com,  potato  and  alfalfa 
soil.  Oats,  durum  wheat  and  winter  rye,  should  have  a  place  in  the 
cropping  system.  This  type  is  so  nearly  level  that  all  the  rainfall 
which  does  not  evaporate  soaks  into  the  soil.  The  fine  textured 
material  in  the  lower  subsoil  helps  to  retain  a  good  proportion  of  this 
water  within  reach  of  crop  roots. 
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BARNES  CLAY   LOAM. 

The  surface  soil  of  the  Barnes  clay  loam  is  a  black  or  dart 
grayish  brown  clay  loam  from  6  to  18  inches  in  depth.  The  shallows 
surface  soil  occurs  on  small  hill  tops  and  the  deeper  layer  of  black 
clay  loam  occurs  in  depressions.  The  usual  depth  of  the  surfact 
soil  is  10  inches.  The  subsoil  to  a  depth  of  3  feet  is  a  brownish  t 
yellowish  gray  clay  loam  to  clay  which  sometimes  contains  loamy  o: 
sandy  pockets  and  occasionally  a  distinct  layer  of  coarser  texturec 
subsoil  is  encountered  at  about  26  inches.  This  coarse  layer  is  of  th* 
same  color  as  tho  clay  loam  or  clay  subsoil  and  is  usually  a  loam  ii 
texture.  Boulders  are  common  on  the  surface  and  gravel  may  be  eiv 
countered  anywhere  within  the  three  foot  section.  Some  areas  occui 
in  which  there  is  almost  no  gravel  and  which  are  free  from  boulders 
These  are  usually  slightly  finer  in  the  texture  of  both  the  soil  anc 
subsoil  than  the  more  typical  areas  of  the  type.  The  type  is  derivet 
from  the  weathering  of  glacial  till. 

The  clay  of  this  type  seems  to  come  from  the  weathering  of  dia 
bases  and  limestone  and  from  shale  scraped  from  the  northern  edg* 
of  the  mountains  and  deposited  along  with  other  material  where  th- 
heavy  types  of  Turtle  Mountain  soil  are  now  located. 

The  topography  is  from  undulating  to  rolling.  The  elevation 
are  not  in  the  form  of  ridges  and  there  are  almost  no  longitudina 
valleys.  The  surface  of  the  type  is  made  up  of  numerous  smal 
elevations  and  depressions  which  have  no  outlets.  The  depression 
are  frequently  occupied  by  small  lakes  or  peaty  meadows  that  oecupj 
the  beds  of  drying  up  or  dried  up  lakes  and  ponds.  That  part  o 
the  rainfall  which  does  not  soak  into  the  soil  drains  into  these  de 
pressions.  The  greater  part  of  the  rainfall,  however,  is  retained  b: 
the  soil  which  makes  an  unusually  good  reservoir  for  moisture  oi 
account  of  its  fine  texture  and  its  high  organic  matter  content.  Th^ 
uncultivated  areas  of  the  type  are  practically  all  timbered.  Owing  t( 
the  character  of  the  soil  and  vegetation,  to  the  presence  of  lakes  am 
to  the  fact  that  probably  the  rainfall  is  greater  on  the  type  than  oi 
the  prairie  soils  crop  failures  due  to  drouth  seldom  occur.  This  i 
true  also  of  other  soil  types  within  the  Turtle  Mountains.  The  Bame 
clay  loam  is  the  most  extensive  type  within  the  Turtle  Mountains  an( 
does  not  occur  elsewhere  within  the  area.  The  tree  growth  on  th* 
type  consists  of  poplars,  oaks,  birches,  willows,  and  several  varietie 
of  shrubs  are  common.  About  20  percent  of  the  type  is  in  cultivatioi 
at  the  present  time  and  eventually  the  greater  part  of  the  type  wil 
be  cleared  and  farmed. 

It  has  been  found  that  any  crop  adapted  to  Bottineau  County  wil 
grow  well  on  the  Barnes  clay  loam.  It  is  stated  that  the  wheat  pro 
Quced  on  this  and  other  soil  types  which  occur  in  the  Turtle  Moun 
tains  grades  a  little  lower  than  that  produced  on  the  prairie.  This  i* 
thought  to  be  due  to  the  more  abundant  rainfall  in  the  Turtle  Moun 
tains  which  tends  to  make  the  wheat  a  little  softer  than  wheat'  grow: 
on  the  drier  prairie  soil  types.  This  slightly  inferior  quality,  how 
ever,  is  offset  by  higher  average  yields.  Potatoes  do  well  on  th'. 
Barnes  clay  loam.  Cattle  are  pastured  in  the  woods  and  on  the  pea: 
meadows  which  occur  throughout  the  type. 
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Rotations  similar  to  those  outlined  for  the  Barnes  clay  are  suited 
to  this  type. 

BARNBS  CLAY. 

The  Barnes  clay  is  usually  a  dark  brownish  drab  to  black  clay 
6  to  10  inches  deep  underlain  by  an  olive  drab,  or  brownish  gray 
heavy  plastic  clay.  Some  areas  occur  in  which  there  is  no  variation 
in  color  or  texture  from  the  surface  to  a  depth  of  3  feet  or  more. 
However,  the  surface  few  inches  is  usually  darker  in  color  than  the 
subsoil.  The  type  is  practically  free  from  gravel  and  boulders,  differ- 
ing in  this  respect  from  the  Barnes  clay  loam.  The  type  occurs  in 
the  Turtle  Mountains  and  is  not  very  extensive  although  several 
areas  of  half  a  square  mile  or  more  were  mapped.  The  topography, 
is  slightly  undulating  with  some  very  nearly  level  areas.  In  spite  of 
this  the  drainage  is  fairly  good.  Oak  trees  are  a  characteristic  growth 
oil  uncultivated  areas  of  the  type.  They  are  frequently  more  common 
than  poplar.     About  40  or  50  percent  of  the  type  is  in  cultivation. 

This   soil   has   a   high    water   holding    capacity   and   will   stand 

heavier  cropping  to  grain  than  some  of  the  prairie  soils.  A  rotation  of 

corn  or  potatoes  1  year 
wheat  1  year, 
oats  1  year, 
barley  1  year, 
clover  and  timothy  1  year, 
flax  1  year, 

could  he  practiced  on  this  type.     Another  that  could  he  followed  is 

corn  or  potatoes  1  year, 
wheat  1  year, 
oats  and  barley  1  year, 
clover  and  timothy  1  year, 
flax  1  year, 
wheat  1  year. 

Alfalfa  could  be  grown  to  advantage  on  this  type. 

BARNES  LOAM— HEAVY  SUBSOIL  PHASE. 

Typically  the  heavy  subsoil  phase  of  the  Barnes  loam  has  a  gray 
loam  to  silty  loam  surface  from  8  to  14  inches  in  depth.  Numerous 
areas  occur,  however,  in  which  the  soil  is  dark  gray  or  medium  dark 
brown  in  color,  and  in  areas  that  are  still  in  timber  there  is  generally 
an  inch  or  two  of  almost  black  loam  on  the  surface,  the  soil  beneath 
this  being  gray.  The  subsoil  to  a  depth  of  36  inches  is  a  yellowish 
brown  or  dark  yellowish  gray  clay  loam  to  clay.  Some  areas  occur 
in  which  the  subsoil  to  a  depth  of  26  to  30  inches  is  a  clay  which  con- 
tains a  small  amount  of  gravel  and  sand,  below  which  a  lighter  layer 
is  encountered.  This  layer  is  usually  a  light  clay  loam  or  loam  in 
texture  and  contains  some  fine  gravel.  The  structure  of  the  subsoil 
is  rather  compact  except  for  this  lighter  layer.  Some  boulders  are 
generally  present  on  the  surface. "  The  type  occurs  exclusively  in  the 
Turtle  Mountains.  Its  topography  is  from  undulating  to  rolling.  The 
drainage  is  good.  The  numerous  small  lakes  and  meadows  which 
occupy  depressions  scattered  throughout  the  type  are  characteristic 
of  this  phase,  of  the  Barnes  loam.  Where  large  enough,  the  meadows 
were  shown  on  the  map  as  peat  or  muck,  but  a  number  of  such 
meadows  too  small  to  map  were  included  with  this  type.  Only  about 
1.")  or  20  percent  of  the  type  is  in  cultivation  at  present.     The  re- 
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mainder  supports  a  growth  of  small  timber  which  consists  mostly  •: 
poplars  although  a  few  birch,  oak,  wild  cherry,  and  willow  trees  (•* 
cur.  A  heavy  crop  of  wild  peas  is  found  on  all  partly  cleared  are^ 
The  land  is  being  gradually  cleared  of  timber  and  put  in  cultivatici 
and  eventually  probably  as  much  as  85  percent  of  the  type  will  » 
available  for  agricultural  purposes. 

This  is  not  as  productive  a  soil  as  the  Barnes  clay  and  the  Barn? 
clay  loam  but  much  the  same  crops  can  be  grown  and  the  croppix 
suited  this  type  will  be  similar  except  that  a  smaller  proportion  : 
the  farm  can  be  used  for  grain  production.  This  type  is  bett-: 
suited  for  the  production  of  corn,  and  potatoes  than  the  finer  textur- 
types  in  the  Mountains, 

WILLIAMS  LOAM— ROLLING  PHASE. 

The  surface  soil  is  a  grayish  brown  or  dark  grayish  brown  loa. 
The  depth  of  the  soil  is  from  8  to  12  inches  as  a  rule  but  may  - 
only  5  or  6  inches  where  there  is  considerable  erosion.  The  subs 
to  a  depth  of  36  inches  is  a  yellowish  gray  to  light  yellowish  gr, 
loam  to  silty  loam  which  usually  contains  a  small  percent  of  grav: 
The  lime  content  of  the  subsoil  is  high.  Stony  areas  too  small 
map  have  been  included  with  the  type  and  a  few  small  boulders  l" 
nearly  always  present  on  the  surface.  Gravel  is  encountered  in  hi: 
soil  and  subsoil.  The  topography  is  rolling  to  hilly  and  the  draina' 
is  usually  excessive.  The  larger  areas  of  the  type  are  located  alo: 
the  outer  edges  of  the  Turtle  Mountains  but  smaller  areas  occur  t 
eroded  slopes  along  some  parts  of  the  Mouse  River  and  some  of  ) 
tributaries.  The  type  is  used  almost  exclusively  for  pasture.  Iti 
not  cultivated  on  account  of  its  hilly  topography  and  excess.^ 
drainage.  Clumps  of  scrub  oak  trees  and  wild  rose  bushes  are  C(u 
mon,  especially  along  coulees  and  depressed  areas. 

WILLIAMS  SANDY  LOAM— ROLLING   PHASE. 

The  Williams  sandy  loam  is  a  gray  to  dark  grayish  brown  lol 
usually  ^bout  10  inches  deep.  The  subsoil  is  yellowish  or  brown* 
gray  sandy  loam  containing  some  coarse  sand  and  fine  gravel.  It 
subsoil  frequently  passes  into  a  sticky  sandy  loam  or  sand>'  c 
loam  at  about  20  to  26  inches.  The  type  is  generally  covered  witU 
growth  of  small  timber.  It  is  derived  from  glacial  till.  Bould? 
and  gravel  are  usually  present  on  the  surface  and  a  small  amount  f 
gravel  is  often  encountered  in  the  soil  section.  This  type  occurs^ 
the  Turtle  Mountains  and  uncultivated  areas  are  wooded.  The  ^ 
pography  is  undulating  to  rolling.  It  is  not  valued  as  highly  as  ^ 
Barnes  clay  loam  and  loam  associated  with  it  as  it  has  a  lower  wj^ 
holding  capacity  and  crops  suffer  in  drouthy  periods. 

WILLIAMS    GRAVELLY    LOAM. 

The  Williams  gravelly  loam  to  a  depth  of  from  6  to  10  inche* 
a  brown  or  dark  grayish  loam  or  fine  sandy  loam  containing  ^ 
percent  or  more  of  gravel.  The  subsoil  to  a  depth  of  3  feet  i^ 
yellowish  or  brownish  gray  rather  friable  loam  or  fine  sandy  h^ 
containing  whitish  streaks  and  a  rather  high  percent  of  gravel.  "^^ 
content  of  gravel  is  somewhat  higher  in  the  areas  occuring  along  i« 
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border  between  the  prairie  and  the  Turtle  Mountains  than  in  areas 
occuring  elsewhere  in  the  county.  These  areas  occuring  along  the 
edge  of  the  mountains  are  rather  gently  sloping  while  those  occuring 
in  other  parts  of  the  area  are  usually  rolling  in  topography.  Boul- 
ders are  common  on  the  surface.  The  Williams  gravelly  loam  repre- 
sents, where  it  occurs  along  streams,  areas  of  Williams  loam  or  fine 
sandy  loam  areas  which  have  been  rather  extensively  eroded  thus  con- 
centrating the  gravel  which  is  usually  present  in  small  amounts  in 
sofls  of  the  Williams  series.  Some  areas  of  the  Williams  gravelly  loam 
are  cultivated,  but  crop  yields  are  rather  low  and  the  greater  part  of 
it  is  better  suited  for  pasture  than  for  cropping.  One  phase  of  the 
Williams  gravelly  loam  consists  of  a  dark  grayish  brown  gravelly  fine 
sandy  loam  to  a  depth  of  4  to  5  inches.  The  subsoil  is  made  up  of 
sand,  fine  sand,  and  gravel  together  with  some  heavier  layers  and 
is  usually  more  or  less  stratified.  The  gravel  are  usually  from  granite, 
gneiss,  limestone,  diorite,  and  sandstone,  and  quartizite  fragments 
are  frequently  found.  This  phase  usually  ocurs  as  knobs  or  kames. 
Extreme  porosity  of  the  subsoil  and  the  sloping  topography  results 
in  excessive  drainage  and  it  is  of  very  little  value  agriculturally. 
The  area  of  the  phase  in  the  county  is  very  small.  A  few  small 
areas  occur  in  the  east  central  part  of  the  county. 

VALENTINE   FINE   SAND. 

The  Valentine  fine  sand  to  a  depth  of  about  20  inches  is  a  brown 
or  grayish  brown  fine  sand  to  loamy  fine  sand.  The  organic  matter 
content  is  not  as  high  as  in  the  sandy  types  of  the  Barnes  series 
mapped  in  Bottineau  County.  The  subsoil  to  a  depth  of  3  or  more 
feet  varies  from  a  grayish  brown  to  gray  fine  sand  or  loamy  fine  sand. 
Sometimes  the  difference  in  color  between  the  surface  soil  and  sub- 
soil is  very  slight,  and  the  transition  from  one  to  the  other  is  very 
gradual.  In  some  depressions  occuring  in  that  area  of  the  type  south- 
east of  Eckman  the  surface  soil  is  a  fine  or  very  fine  sandy  loam  which 
passes  at  about  12  inches  into  a  bright  yellow  fine  or  very  fine  sand. 
These  areas  were  considered  too  small  and  of  too  limited  extent  to 
map  out  as  a  separate  soil  type.  The  surface  of  the  ty-pe  is  billowy 
and  numerous  small  wind  formed  hillocks  occur.  A  few  small  areas 
are  associated  with  the  stone  free  phase  of  the  Barnes  fine  sandy  loam 
and  very  fine  sandy  loam.  Where  it  borders  the  latter  it  is  very 
nearly  a  very  fine  sand  in  texture. 

The  drainage  is  excessive  owing  to  the  drouthy  subsoil.  Only 
about  30  percent  of  the  type  is  cultivated.  Uncultivated  areas  have 
ft  characteristic  growth  of  dwarf  willows  and  numerous  weeds  and 
p^rasses.  The  Russian  thistle  has  become  a  common  growth  on  the 
type.  Occasionally  clumps  of  larger  willows  and  shrubs  grow  in  de- 
pressions. The  lightness  of  the  soil  which  tends  to  make  it  blow 
badly  seriously  affects  the  agricultural  value  of  the  type.  Crops  com- 
mon to  the  region  are  grown  and  yields  are  somewhat  below  the  aver- 
ige  of  the  county.     Some  depressed  areas  in  which  drainage  is  less 

jxcessive  produce  a  fair  quality  of  native  hay.    A  rotation  of 

com  or  potatoes  1  year, 
wheat  1  year, 
winter  rye  1  year, 
sweet  clover  1  year, 
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— would  help  to  keep  the  soil  from  drifting.  After  the  corn  crop  b 
removed  in  the  fall  the  soil  could  be  given  a  light  covering  of  maniL** 
to  check  drifting  during  the  winter  and  spring.  In  the  spring  th. 
could  be  disked  and  seeded  to  durum  wheat.  Winter  rye  could  t- 
stubbled  in  that  fall  and  sweet  clover  seeded  early  the  followii: 
spring.  If  a  stand  is  secured  the  land  would  be  in  sweet  clover  th 
year  following  the  winter  rye.  The  crop  could  be  used  for  hay  ' 
seed.  In  the  spring  following  the  sweet  clover  the  land  could  ► 
plowed  for  corn.  A  light  top-dressing  of  manure  for  the  corn  w. 
help  to  check  drifting.  If  alfalfa  can  be  started  on  this  soil  it  wi 
produce  fairly  good  crops.  A  light  covering  of  manure  immediate 
after  seeding  will  help  to  check  drifting  while  the  young  alfalfa  « 
getting  a  start. 

SIOUX  LOAM. 

The  Sioux  loam  to  an  average  depth  of  about  10  inches  is  mediu: 
dark  or  dark  gi'ayish  brown  to  a  dark  brown  in  color.     It  is  usual" 
a  loam  although  it  varies  from  a  light  loam  to  a  heavy  silt  loam.     ^ 
10  inches  it  turns  to  a  brownish  color  and  at  15  inches  to  a  browiii. 
or  yellowish   gray,   with   layers  of  reddish   brown.     The   subsurfa- 
from  10  to  24  inches  is  generally  finer  in  texture  than  the  soil.     :. 
depths  varying  from  16  to  36  inches  or  more  occur  beds  of  coar 
alluvium  consisting   of  stratified   layers  of  coarse   sand   and   gnu 
with   considerable  fine  interstital  material  to  a  very  fine   sandy    * 
gravelly  loam.     It  is  loose  and  incoherent  in  structure  and  non-reto 
tive  of  moisture.     The  subsoil  varies  greatly.     Many  small  areas 
alluvial  soils  along  Cut  Bank  Creek  in  which  the  gravel   does  ii 
appear  within  36  inches  were  included  within  the  type  as  the  ar 
was  insufficient  to  warrant  the  establishment  of  a  new  type. 

Sioux  loam  was  mostly  mapped  as  narrow  strips  extending  th' 

the  Barnes  loam  and  very  fine  sandy  loam  in  rather  straight  eonrs* 

in  the  western  part  of  the  county.     It  is  largely  confined  to  gent 

sloping  terraces  in  swales  bordering  old  drainage  channels  at  elev 

tions  somewhat  lower  than  the  contiguous  glacial  types.     The  tot 

area  is  relatively  small.     The  drainage  is  usually  excessive   due 

percolation  and  surface  runoflf.     Due  to  its  droughty  nature  the  val 

of  the  soil  for  crop  production  is  not  as  high  as  the  Barnes  loam. 

the  southwestern  part  of  the  county  the  Sioux  loam  and  the  conti!> 

ous  type  is  often  indefinite.     About  75  percent  of  the  type  is  cui- 

vated  at  present.     The  crops  common  to  the  region  are  grown,   i 

rotation  of 

corn  1  year, 

wheat  1  year, 

barley  or  oats  1  year,  and 

sweet  clover  1  year, 

could  be  followed  on  this  type. 

SIOUX   SANDY   LOAM. 

Sioux  sandy  loam  is  usually  a  medium  dark  grayish  brofJ 
sandy  loam  7  to  20  inches  in  depth  with  an  average  of  12  inel'^ 
A  fine  sandy  loam  to  fine  sand  was  included  in  the  type.  At  ^ 
inches  is  usually  a  light  brownish  gray  sandy  loam,  which  conta.'^ 
considerable  gravel   and  coarse  sand,  although  it  may  be  of  a  }■ 
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lowish  gray  or  yellow  color.  Below  20  inches  the  texture  is  much 
coarser  consisting  of  interbedded  sand  and  gravel  but  mostly  sand 
and  is  usually  of  a  rusty  brownish  to  dark  red  in  color.  Both  the 
soil  and  subsoil  are  loose  and  incoherent  in  structure. 

Sioux  sandy  loam  occurs  as  small  bodies  scattered  over  the 
county  with  a  relatively  small  total  area.  A  considerable  portion  of 
the  type  occurs  along  Cut  Bank  Creek  especially  south  of  Maxbass. 
The  type  occurs  along  minor  stream  bottoms  or  terraces  which  are 
more  elevated  than  the  ones  on  which  the  Sioux  loam  occurs  and 
usually  slightly  less  elevated  than  the  terraces  on  which  the  Sioux 
graveUy  loam  is  found.  The  type  consists  of  alluvial  material  de- 
rived from  glacial  till  and  was  deposited  during  the  glacial  period. 
It  is  not  inclined  to  blow  badly  except  on  small  spots  on  the  fine 
sandy  phase  of  the  type.  Due  to  the  porous  nature  of  the  subsoil  the 
water  holding  capacity  is  poor.  The  water  escapes  by  percolation 
rather  than  by  runoff  and  the  drainage  is  usually  excessive.  Owing 
to  its  drouthy  nature'  the  agricultural  value  is  rather  low.  Probably 
60  percent  of  the  type  has  been  cultivated  but  much  of  it  has  been 
allowed  to  go  back  to  native  grass.  A  rotation  similar  to  that  out- 
lined for  the  Sioux  loam  should  work  out  satisfactorily  on  this  type. 

SIOUX   GRAVELLY   LOAM. 

Sioux  gravelly  loam  is  a  medium  dark  brown  loam  or  sandy  loam 
<'ontaining  considerable  gravel  to  an  average  depth  of  about  10  inches 
where  it  grades  directly  into  beds  of  gravel  and  sand.  A  large 
number  of  very  gravelly  spots  occur  over  the  type.  The  subsoil  con- 
sists of  coarse  alluvial  sand  and  gravel  well  stratified  with  more  or 
less  intermingled  fine  material  in  some  layers.  It  is  usually  reddish 
brown  at  about  10  inches  and  gradually  merges  to  a  brownish  gray 
or  light  yellowish  brown  with  many  layers  of  a  distinctly  reddish 
hue.  It  is  very  loose  and  porous  and  has  a  poor  water  holding  ca- 
pacity.    Considerable  water  is  lost  by  percolation. 

The  type  occurs  as  level  elevated  terraces  bordering  old  water 
courses  often  at  the  junction  of  drainage  channels.  It  was  deposited 
by  glacial  streams  when  the  melting  ice  produced  great  streams  of 
water.  It  is  somewhat  dissected  by  erosion  in  places  giving  it  an  un- 
dulating appearance. 

Only  a  very  small  part  of  the  type  is  cultivated.  Many  fields 
formerly  cultivated  have  been  allowed  to  go  back  to  grass.  The 
large  amount  of  gravel  makes  cultivation  diflScult  which  together 
with  its  drouthy  nature  render  it  unsuitable  for  crop  production.  It 
is  covered  with  a  fair  growth  of  native  grass  and  makes  fair  pasture 
for  which  it  is  largely  utilized.  It  is  also  valued  for  the  sand  and 
gravel  which  it  contains. 

FARGO  CLAY. 

The  Fargo  clay  to  a  depth  of  from  12  to  20  inches  is  a  dark 
grayish  brown,  drab,  or  black  clay.  The  content  of  organic  matter 
is  usually  high  and  in  areas  that  have  never  been  cultivated  there  is 
usually  a  layer  of  dark  brown  peat  from  a  half  inch  to  an  inch  in 
thickness  on  the  surface.  The  lime  content  is  high.  The  soil  is 
rather  heavy  and  plastic  and  is  difficult  to  cultivate  although  it  .is 
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easily  tilled  for  a  soil  of  this  texture.  If  plowed  in  the  fall  it  can 
be  worked  into  a  granular  condition  the  following  spring  so  that  it 
is  possible  to  make  a  good  seed  bed.  The  surface  soil  of  the  Fargo 
clay  varies  somewhat  even  in  an  area  of  uniform  topography.  The 
texture  in  some  areas  is  a  silty  clay.  Such  areas  occur  within  the 
larger  areas  of  the  type  near  Souris.  Small  inclosed  areas  also  occur 
in  which  the  dark  colored  surface  layer  is  interrupted  by  a  brownish 
gray  layer  of  clay  at  about  6  inches  which  becomes  dark  again  from 
12  to  18  or  20  inches.  In  some  areas  east  of  Qardena  there  is  a  small 
amount  of  alkali  present  on  the  surface.  Such  areas  also  occur  within 
the  large  area  east  of  Willow  City.  The  subsoil  at  a  depth  of  36 
inches  or  more  is  gray  to  dark  gray  or  drab  heavy,  compact  clay.  The 
transition  from  soil  to  subsoil  is  usually  gradual.  The  color  begins 
to  get  lighter  at  about  18'  inches  where  it  is  usually  dark  gray  in 
color.  FVom  this  depth  it  becomes  gradually  lighter  in  color,  passing 
through  brownish  gray  to  gray  at  about  30  inches.  This  is  not  al- 
ways the  case,  however.  Frequently  the  subsoil  is  uniformly  dark  or 
drab  in  color  to  a  depth  of  3  feet.  In  some  cases  a  silty  clay  is  en- 
countered at  about  31  inches,  and  in  the  large  area  of  Fargo  clay 
east  of  Willow  City  there  are  smaller  areas  in  which  a  layer  of  silty 
loam  or  very  fine  sandy  loam  is  encountered  at  from  30  to  40  inches. 
This  layer  is  usually  about  6  inches  in  thickness  and  is  underlain  by 
dark  gray  or  grayish  brown  clay.  The  subsoil  contains  a  high  percent 
of  lime. 

The  topography  of  the  type  is  level  and  as  there  are  very  few 
streams  passing  through  areas  of  the  type  it  is  poorly  drained. 
Usually  this  does  not  seriously  affect  cultivation  owing  to  the  fact 
that  the  rainfall  is  not  enough  to  require  a  very  extensive  drainage 
system.  In  a  number  of  cases,  however,  it  has  been  necessary  to  pro- 
vide artificial  drainage.  The  material  composing  the  Fargo  clay  was 
deposited  in  the  lower  lying  parts  of  its  bed  by  the  shallow  quiet 
waters  of  the  prehistoric  Olacial  Lake  Souris.     The  type  is  free  from 

gravel  and  boulders.     A  rotation  of 

corn  or  potatoes  1  year, 

wheat  1  year, 

oats  or  barley  1  year, 

grass  1  year, 

ilax  1  year,  and 

wheat  1  year, — 

should  work  out  on  this  type.     If  flax  is  not  to  be  grown  the  rotation 

can  be  cut  to  5  years.     Potatoes  might  be  substituted  for  corn  on  well 

drained  land.     A  mixture  of  brome-grass,  slender  wheat-grass,   and 

sweet  clover  should  make  a  fair  hay  crop.     In  the  wetter  areas  alsike 

and  red  top  could  be  added  to  the  mixture.     Alfalfa  will  give  good 

returns  on  the  better  drained  areas. 

F.AROO    SILTY    CLAY    LOAM. 

The  Fargo  silty  clay  loam  in  typically  developed  areas  is  a  dark 
grayish  brown  to  black  silty  clay  loam  from  12  to  24  inches  deep. 
Several  small  areas  in  different  parts  of  the  county  are  not  typical. 
The  surface  4  to  6  inches  being  a  dark  grayish  brown  to  nearly  black 
silt  loam  which  passes  into  a  clay  of  the  same  color  which  continues 
to  a  depth  of.  from  12  to  20  inches.     The  surface  soil  is  rich  in  or- 
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ganic  matter  and  there  is  usually  some  lime  present.  The  subsoil  to 
a  depth  of  36  inches  varies  from  a  gray  to  medium  dark  grayish 
brown  silty  clay  loam  to  clay  or  in  some  cases  even  a  heavy  silt 
loam.  The  areas  with  a  gray  silty  subsoil  occur  north  of  Kramer 
in  areas  of  the  type  closely  associated  with  the  Barnes  silt  loam  and 
loam.  This  variation  of  the  type  may  contain  a  small  percent  of 
gravel  in  the  lower  subsoil  and  probably  represents  till  soil  overlain 
by  2  feet  or  more  of  water  deposited  material.  Except  for  these 
few  areas  the  type  is  free  from  gravel.  The  topography  usually  is 
level.  This  type  is  closely  associated  with  the  Fargo  clay  and  the 
stone  free  phase  of  the  Barnes  silt  loam.  It  usually  occupies  a 
slightly  higher  elevation  than  the  Pargo  clay  and  is  lower  than  the 
silt  loam.  The  drainage  of  the  type  is  poor  but  the  rainfall  is  not 
sufficient  to  cause  much  damage  to  crops.  Locally  the  type  is  included 
with  the  Pargo  clay  under  the  name  ** gumbo**.  However,  it  is  con- 
sidered a  lighter  phase  of  ** gumbo'*  as  cultivation  is  easier  than  on 
the  Pargo  clay.  On  account  of  its  slightly  higher  position  it  produces 
better  crops  in  wet  seasons  than  the  Pargo  clay.  It  is  better  com 
soil  than  the  Pargo  clay.  The  rotations  suited  to  the  Pargo  clay  can 
be  followed  on  this  type.  The  greater  part  of  the  type  exclusive  of 
numerous  small  depressional  areas  is  cultivated.  Hay  is  cut  from  the 
poorly  drained  depressions. 

ROGBBS  CIJLY  LOAM. 

The  Rogers  clay  loam  is  a  light  grayish  brown  clay  loam  or 
silty  clay  for  a  depth  of  from  8  to  15  inches.  The  subsoil  to  a  depth 
of  3  feet  is  a  light  gray,  drab,  or  brownish  or  yellowish  gray  clay 
loam  to  clay  which  is  very  plastic  and  sticky  and  seldom  dries  out. 
Occasionally  a  very  small  percent  of  coarse  sand  is  present  in  the  sub- 
soil below  30  inches.  The  type  contains  large  quantities  of  alkali  and 
in  dry  weather  white  bare  spots  can  be  seen  on  the  surface. 

The  Rogers  clay  loam  occurs  as  the  beds  of  extinct  lakes  and 
ponds  some  of  which  have  been  varied  by  the  acquisition  of  material 
from  the  higher  lying  surrounding  types.  The  drainage  is  rather  poor 
and  the  type  is  seldom  cultivated.  A  few  small  areas  have  been  cul- 
tivated and  planted  to  grain  as  part  of  a  field  of  some  other  type  but 
the  crops  are  noticeably  poorer  on  the  Rogers  clay  loam  than  on 
the  associated  type. 

A  coarse  textured  phase  of  this  type  is  found  in  the  south  eastern 
part  of  the  county.  The  surface  soil  of  this  phase  is  a  gray  to  brown- 
ish gray  very  fine  sandy  loam  from  8  to  12  inches  in  depth.  There 
are  usually  indications  of  alkali  on  the  surface.  The  subsoil  to  a 
depth  of  about  20  inches  is  a  gray  very  fine  sandy  clay  to  clayey 
very  fine  sand  or  very  fine  sandy  loam.  Occasionally  there  is  a  con- 
centration of  clayey  material  just  below  the  layer  of  surface  soil, 
the  subsoil  2  or  3  inches  lower  being  coarser  in  texture.  Below  20 
inches  the  subsoil  is  a  gray  very  fine  sandy  loam  to  clayey  very  fine 
sand  mottled  with  yellow.  When  wet  this  lower  subsoil  has  the  ap- 
pearance, of  being  very  sandy  but  upon  drying  out  is  hardened  into 
cement  like  clods.  The  soil  occurs  in  flat  bottomed  depressions  and 
is  poorly  drained.     This  phase  is  not  very  extensive.     It  occurs  chiefly 
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south  of  Willow  City  in  the  southeast  corner  of  the  county.  A  few 
small  areas  have  been  mapped  in  other  parts  of  the  county.  The  soil 
is  not  cultivated  to  any  extent.  It  is  used  almost  exclusively  for  hay 
and  pasture. 

MAPLB  CLAT  LOAM. 

The  Maple  clay  loam  consists  of  a  gray,  dark  gray  or  grayish 
brown  clay  loam  to  silty  clay  loam  or  heavy  loam  or  silt  loam,  even 
fine  sandy  loam.  The  average  depth  of  the  darker  layer  of  soil  is 
about  8  inches  although  in  some  places  the  soil  may  be  18  inches  deep. 
There  is  usually  alkali  present  in  the  soil  which  makes  it  sticky  and 
plastic  and  refractory.  The  surface  few  inches  is  usually  fairly  well 
supplied  with  organic  matter.  The  subsoil  is  typically  a  gray  or  light 
drab  clay  loam  to  silty  clay  loam.  Occasionally  a  small  percentage 
of  sand  and  fine  gravel  is  present  in  the  subsoil.  Below  the  subsoil 
at  depths  varying  from  18  inches  to  2  feet  or  30  inches  from  the  sur- 
face is  a  substratum  of  sand  or  sand  and  gravel.  Occasionally  the 
transition  from  the  heavy  subsoil  to  the  sandy  substratum  is  gradual, 
a  sandy  clay  being  first  encountered  which  gradually  gives  place  to  a 
sticky  fine  sandy  loam  or  fine  sand.  Frequently  layers  of  gray  clay 
are  present  in  the  sandy  substratum.  Some  areas  have  been  mapped 
in  which  the  subsoil  passes  into  a  gray  and  yellow  mottled  ver^*^  fine 
sandy  loam  rather  than  the  coarser  sand  material  that  is  characteristic 
of  the  type.  The  gray  color  of  both  subsoil  and  substratum  is  fre- 
quently varied  with  brown  and  yellow  mottlings. 

The  Maple  clay  loam  is  distributed  throughout  the  county,  yet  its 
total  area  is  small.  It  occurs  chiefly  as  narrow  strips  in  small  drain- 
age way  depressions  and  some  areas  have  been  mapped  in  disconnected 
sloughs  which  were  once  evidently  drainage  channels.  A  few  areas 
were  mapped  that  were  evidently  the  remnants  of  dried  up  ponds  or 
small  lakes.     One  such  area  occurs  east  of  Souris. 

In  spite  of  the  sandy  substratum  the  drainage  of  the  entire  type 
is  poor  owing  to  the  sticky  character  of  the  surface  soil  and  the  low 
position  of  the  type  which  usually  receives  considerable  drainage  from 
adjacent  land.  This  soaks  into  the  light  substratum  which  serves  as 
a  drainage  channel  helping  to  keep  it  more  or  less  waterlogged  in 
places. 

The  Maple  clay  loam  as  found  in  Bottineau  County  is  not  cul- 
tivated. It  is  usually  used  for  pasture  and  occasionally  hay  is  cut 
from  it.     Alkali  or  salt  grass  is  a  characteristic  growth. 

LaMOURB   CLAY. 

The  LaMoure  clay  is  a  brown  clay  to  a  depth  of  about  18  inches. 
The  color  may  vary  to  a  grayish  brown  or  medium  dark  brownish 
drab  in  places.  A  black  peaty  layer  due  to  the  accumulation  of  or- 
ganic matter  often  occurs  to  a  depth  of  1  to  3  inches.  The  subsoil  is 
usually  a  light  brownish  drab  color  although  often  a  gray  or  slightly 
brownish  gray  of  the  same  texture.  Notwithstanding  the  fine  tex- 
ture and  poor  drainage  the  soil  has  a  good  structure  and  granulates 
well  on  drying.  That  is  probably  due  to  some  extent  to  the  high  per- 
centage of  lime  and  to  the  fairly  high  organic  matter  content. 
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The  subsoil  is  quite  compact  and  is  somewhat  tenaceous.  Red 
iron  specks  and  small  pockets  of  crystals  are  quite  common  in  the 
subsoil.     No  stone  or  gravel  occur. 

The  type  consists  of  alluvium  deposited  by  the  sluggish  stream  of 
the  Mouse  River  along  the  low  flood  plain.  Before  the  bottom  was 
recently  drained  by  dredging  a  new  deeper  straight  channel  this  soil 
was  inundated  a  considerable  part  of  the  growing  season  but  much  of 
it  was  often  dry  enough  during  the  haying  season  to  allow  the  cut- 
ting of  the  heavy  growth  of  marsh  hay  which  it  produced.  In  favor- 
able seasons  some  patches  yielded  as  high  as  4  tons  of  hay  per  acre. 
Since  it  was  drained  the  type  has  been  more  generally  utilized  most 
of  it  being  now  either  pastured  or  cut  for  hay  every  year.  The 
yields  of  hay  probably  average  about  IMj  tons  per  acre.  A  limited 
area  is  under  cultivation,  flax  being  the  principal  crop  at  present. 
The  general  level  of  the  type  is  about  4  to  6  feet  above  the  river 
level.  Drainage  is  not  yet  very  well  established  and  cultivated  crops 
are  apt  to  suffer  from  an  excess  of  water  in  wet  seasons.  The  water 
table  is  still  rather  high.  It  is  gradually  receding  and  eventually 
most  of  the  type  will  probably  be  farmed.  When  the  drainage  has 
been  accomplished  this  soil  should  produce  good  crops  of  alfalfa  and 
small  grain. 

LaMOURE   FINE   SANDY   LOAM. 

The  LaMoure  fine  sandy  loam  varies  from  a  dark  grayish  brown 
fine  sandy  loam  to  very  fine  sandy  loam  or  loam.    ^ These  variations 
may  occur  as  separate  areas  or  as  variations  within  the  same  area. 
The  depth  of  the  surface  soil  is  from  10  to  18  inches.     The  surface 
soil  is  rich  in  organic  matter.     The  subsoil  to  a  depth  of  3  feet  or 
more  is  a  brownish  gray  fine  sandy  loam,  to  loam  which  is  noticeably 
calcareous.     The  type  occurs  as  alluvial  strips  along  streams.     The 
topography  is  very  nearly  level  except  where  abandoned  stream  chan- 
nels are  numerous.     The  drainage  of  the  type  is  fairly  good  as  the 
surface  of  the  soil  is  usually  elevated  from  5  to  7  feet  above  the  water 
level  in  the  stream  channels.     The  streams  along  which  bodies  of  this 
soil  lie  are  intermittent  and  contain  flowing  water  only  during  unus- 
ually wet  seasons.     They  very  seldom  if  ever  overflow  their  banks. 
Consequently  the  type  is  very  seldom  altered  by  the  deposition  of 
additional  soil  material.     The  soil  is  very  productive,  but  the  relatively 
.small  areas  make  the  cultivation  of  large  fields  impractical  so  that 
the  type  is  used  principally  for  pasture  and  hay  meadow.     Occasional 
fields  of  flax  and  barley  are  grown.     Farmers  freciuently  plant  their 
vegetable  gardens  on  this  type. 

The  surface  soil  of  the  heavy  phase  of  the  LaMoure  fine  sandy 
loam  is  a  dark  grayish  brown  or  nearly  black  clay  loam,  12  to  20 
inches  deep.  The  texture  of  the  surface  soil  is  not  very  uniform. 
Small  patches  of  clay,  loam,  or  fine  sandy  loam  may  occur  and  one  or 
two  areas  of  silty  clay  loam  are  found  along  Cut  Bank  Creek  in  the 
southeast  part  of  the  county  have  been  included  with  the  type.  The 
subsoil  is  usually  a  gray  clay  loam  which  passes  into  a  gray  sandy 
loam  at  24  to  30  inches.  This  sandy  layer  is  usually  underlain  at  3 
feet  or  more  below  the  surface  by  a  layer  of  brownish  gray  clay  loam 
to  clay.     In  some  instances  the  sandy  layer  is  not  encountered  within 
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3  feet.  This  phase  occurs  as  alluvial  flats  along  streams  which  very 
seldom  overflow.  It  is  used  mostly  for  pasture,  but  a  few  fields  have 
been  cultivated  with  fairly  good  results. 

LaMOURB   SILT   LOAM. 

The  surface  of  the  LaMoure  silt  loam  is  a  dark  brownish  gray  or 
drab  heavy  silt  loam  for  a  depth  of  8  inches.  The  subsoil  to  36  inches 
is  an  olive  drab  silt  loam  to  heavy  silt  loam.  Uncultivated  areas  of 
the  type  usually  have  about  1  inch  of  brown  or  dark  brown  peatj 
material  on  the  surface.  The  LaMoure  silt  loam  occurs  as  flat  bottom 
land  along  Antler  Creek  and  as  a  few  small  areas  in  the  bottom  of  the 
Mouse  River.  The  more  extensive  area  along  Antler  Creek  verj 
seldom  overflows  and  is  fairly  well  drained.  The  surface  of  the  type 
is  about  8  or  10  feet  above  the  level  of  the  water  of  the  creek.  About 
half  of  the  type  is  in  cultivation.  It  can  be  used  in  the  production  of 
the  common  crops  of  the  county.  The  uncultivated  part  of  the  type  is 
covered  wih  a  gt-owth  of  small  trees  and  shrubs. 

PEAT  AND  MUCK. 

Peat  or  muck  as  mapped  in  Bottineau  County  occurs  chiefly  ir 
old  lake  beds  in  the  Turtle  Mountains.  The  surface  20  inches  is  a 
brown  to  dark  brown  loamy  peajt  or  muck  containing  in  addition  U 
a  large  amount  of  vegetable  matter,  fragments  of  the  shells  of  nuni 
erous  small  water  animals.  The  subsoil  below  20  inches  is  a  brows 
friable  silty  clay  loam  containing  a  high  percent  of  organic  matter 
Bodies  of  this  material  varying  in  size  from  1  to  20  or  30  acres  occir 
throughout  the  Turtle  Mountains  and  one  or  two  areas  were  mappec 
on  the  prairie.  Numerous  areas  occur  which  are  too  small  to  b 
shown  on  the  map.  Some  areas  occur  which  are  marshy,  but  areai 
sufficiently  dry  to  allow  for  the  cutting  of  hay  are  far  more  extensive 
The  native  grasses  growing  in  the  meadows  occupied  by  peat  or  mud 
make  a  good  quality  of  prairie  hay. 

THE  CHEMICAL  COMPOSITION  OF  THE  SOILS  OF  BOTTINEAU  OOUNl'Y 

Typical  areas  of  the  respective  soil  types  were  selected  anc 
samples  taken  from  each  for  chemical  analysis.  The  samples  wer* 
taken  at  three  depths,  the  surface  7  inches  representing  the  plowei 
layer,  7  to  18  inches  the  subsurface  and  18  to  40  inches  the  subsoil 
Composite  samples  of  each  depth  were  made  for  each  of  the  more  im 

TABLE  III.    CHEMICAL  COMPOSITION  OF  THE  BARNES  LOAM  IN  BOTTINEAU  COUNT! 

NORTH  DAKOTA.     COMPOSITE  OF  17  SAMPLES 


Surface  soil 

0-7  inches 

per  acre 


Subsurface 

7-18  inches 

per  acre 


Subsoil 

18-40   Inches 

per  acre 


Total  phosphorus   

Total    nitrogen    

Total   potassium   

Total   calcium 

Total   magnesium    

Carbonate  expre8^9ed  ui^t  calcium  carbonate 
(limestone)     


Pounds 

1,194 

6,590 

38,200 

27,880 

18,500 

9,282 


Pounds 

2,148 

6,080 

70,320 

176,600 

58,320 

8,094,001 


Pounds 

8,048 

4,086 

100,200 

414,600 

136,800 

911,820 
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portant  soil  types  while  a  single  sample  was  taken  in  case  of  some  of 
the  less  extensive  ones.  The  largest  composite  was  made  of  samples 
of  Barnes  loam  taken  from  17  localities  in  the  county.  This  type 
is  quite  generally  distributed  over  the  county  and  is  associated  with 
many  of  the  other  important  types  so  that  the  amounts  of  the  ele- 
ments of  plant  food  which  it  contains  should  furnish  a  general  indi- 
cation of  the  chemical  composition  of  the  soils  of  the  county.  The 
total  amount  of  nitrogen,  phosphorus,  potassium,  calcium  and  mag- 
nesium were  determined  according  to  approved  methods  (M-  The  car- 
bonates were  determined  by  the  cold  dilute  phosphoric  acid  method  (^). 
The  data  is  presented  as  pounds  per  acre.  The  total  weight  of 
the  surface  7  inches  of  soil  has  been  estimated  at  2,000,000  pounds, 
the  subsurface  4,000,000  and  the  subsoil  6,000,000. 

In  general  the  plant  food  content  of  the  Barnes  loam  is  fairly 
high.  It  compares  very  favorably  with  some  of  the  productive  soils 
of  the  corn  belt,  containing  about  the  same  amount  of  nitrogen,  phos- 
I>h<)rus,  potassium  and  considerably  more  calcium  and  magnesium. 
The  total  amount  of  nitrogen  now  contained  in  the  surface  7  inches  is 
approximately  equivalent  to  the  amount  contained  in  120  thirty-bushel 
>vheat  crops.  The  total  amoiuit  of  phosphorus  is  equivalent  to  that 
<*ontained  in  about  180  such  crops  and  the  amount  of  potassium  equi- 
valent to  that  contained  in  nearly  1,600  crops.  The  subsurface  furn- 
ishes some  elements  of  plant  food  to  crops  and  as  the  surface  wears 
away  additional  portions  of  it  are  becoming  mixed  with  the  plowed 
layer  so  that  in  considering  the  plant  food  content  in  terms  of 
standard  crops  the  figures  should  only  be  taken  as  an  expression  of 
the  relative  supply  of  the  various  plant  food  elements.  Prom  this 
standpoint  it  is  evident  that  nitrogen  and  phosphorus  should  receive 
more  attention  than  potassium  in  planning  systems  of  soil  manage- 
ment for  the  maintenance  of  the  fertility  of  the  Barnes  loam.  Cal- 
cium and  magnesium  are  present  in  relatively  larger  amounts  than 
potassium.  The  surface  soil  of  an  acre  contains  the  equivalent  of 
-IVi.tons  of  calcium  carbonate  (limestone),  the  subsurface  about  150 
tons  and  subsoil  about  450  tons.  This  high  lime  content  is  an  im- 
f^ortant  factor  in  the  adaptability  of  this  soil  to  alfalfa  production. 

The  total  nitrogen,  phosphorus  and  carbonate  content  of  the 
inore  extensive  types  expressed  as  pounds  per  acre  is  presented  in 
Tables  TV,  V,  and  VI. 

In  interpreting  these  figures  it  should  be  understood  that  the 
greater  part  of  the  feeding  roots  of  crops  are  in  the  plowed  layer  or 
the  top  7  inches  of  soil.  While  a  great  many  roots  grow  into  the 
Hiibsurface  and  subsoil  and  no  doubt  secure  some  elements  of  plant 
food  from  these  lower  layers  the  best  use  of  this  store  cannot  be  made 
unless  the  surface  soil  is  kept  in  a  high  state  of  fertility.  Farm 
manure  and  fertilizers  are  supplied  to  this  layer  and  for  ordinary 

(1).  The  total  nitrogen  was  determined  by  the  Kjeldahl  method  and  the 
total  phosphorus  by  the  magnesium  nitrate  method.  Bulletin  107  (revised) 
J^ureau  of  Chemistry,  U.  S.  D.  A.  The  total  potassinm  by  the  J.  Lawrence 
Hinith  method  (modified);  the  total  calcium  and  magnesium  by  fusion  with  alkali 
ca.rbonates,  Bulletin  261 ,  Ohio  Agricultural  Experiment  Station. 

(2).     Technical  Bulletin  No.  1,  Tennessee  Agricultural  Experiment  Station. 
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TABLE  IV. 


THE  AMOUNT  OP  THE   IMPORTANT   ELEMENTS   OP   PLANT   POOD  COl 
TAINED  IN  BOTTINEAU  COUNTY  SOILS,  SURFACE  7  INCHES. 

POUNDS  PER  ACRE 


Total 
nitrogen 


Total 
phoBphoms 


Limestone 


Upland     soils — glacial     province 

Barnes  silt  loam   

Barnes  silt  loam,  stone  free  phase  

Barnes  clay  loam  

Barnes  loam,  clay  subsoil   pbase  

E(arnes   very    fine   sandy   loam    

Barnes  very  fine  sandy  loam,  stone  free 

phase    

Barnes  fine  sandy  loam   

Barnes  fine  sandy  loam,  stone  frea  phase 

Williams  sandy  loam,  rolling  phase  

Barnes  loam,  east  of  Mouse  Iliver  

Barnes    loam.    Cut   Bank    Township    

Barnes    loam,    Lansford    Area    

Bench  land  and  lake  bottom  soils, 

— glacial  lake  and   river 

terrace  province 

Valentine    flno    sand    

Fargo    sllty    clay    loam    

Fargo  clay,   Scandia  Township  

Fargo    clay.    Oak    Crook    Township    

Bottom    land    soils — river    flood 
plains  province 

JjaMoure    clay    

Miscellaneous 

Peat  , 


Pounds 


7,880 
7,060 
8,960 
6,280 
6,920 

3.364 
4,600 
3,730 
1.826 
6,664 
5.930 
6,930 


Pounds 


1,452 
1^72 

1J88 
1*068 
1,106 

918 

970 

866 

818 

1,174 

1,186 

1,184 


2.666 

9.660 

7,180 

10,080 


7,620 


16,880(») 


768 
1.726 
1.412 
1,174 

I 


1,490 


9460) 


Ponfids 


780 

760 

1.942 

1.382 

4.630 

33.316 
3.666 
1.022 
2.502 
1324 
8,280 
6,696 


1,236 

2,210 

52.234 

52.916 


164,710 


13,900(<) 


I 


(>)   An  acre  of  peat  soil  to  a  depth  of  7  inches  is  estimated  as  weighing  1.000,0<^ 
pounds. 

conditions  tillage  is  limited  to  this  portion.  The  soil  bacteria  whic 
make  plant  food  available  are  mofe  numerous  and  active  in  the  sii| 
face  soil.  Consequently  the  plant  food  content  of  the  surface  7  inch< 
is  of  greater  importance  than  that  of  the  subsurface  and  subsoil  ai 
should  receive  more  attention  in  planning  systems  of  soil  and  manai 
ment. 

The  nitrogen  content  of  these  soils  is  fairly  high  when  coinpard 
with  soils  of  older  agricultural  regions,  and  if  legumes  are  grown  ai?] 
fed,  and  the  manure  returned  to  the  land  there  is  enough  so  thj 
good  yields  of  crops  suited  to  the  region  can  be  produced.  The  sandij 
soils  need  to  have  legumes  grown  on  them  more  frequently  and  m( 
manure  returned  to  keep  up  their  nitrogen  supply  than  will  be  necM 
sary  for  the  silt  loams,  clay  loams  and  clays.  The  nitrogen  and  ph< 
phorus  content  of  the  Valentine  fine  sand  is  quite  low.  This  s< 
type  needs  to  have  these  elements  returned  to  it  if  it  is  to  prodiijl 
good  crops.  Most  of  the  other  soil  types  contain  a  fair  supply  i| 
phosphorus  for  present  crop  needs.  In  the  future  it  will  be  necessa^ 
to  consider  this  element  in  planning  for  the  maintenance  of  soil  \'i 
tility.  The  fact  that  the  surface  of  all  soils  analyzed  contained  soi 
carbonate  material  and  the  subsurface  and  subsoil  such  a  large  aiiiori 
would  indicate  that  the  practice  of  liming  would  be  unnecessary  fi 
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TABLE  V.     THE  AMOUNT   OF   THE   IMPORTANT   ELEMENTS   OF   PLANT   FOOD   CON- 
TAINED IN  BOTTINEAU  SOILS,  SURFACE  7-18  INCHES. 

POUNDS  PER  ACRE 


Total 
nitrogen 


Total 
phosphoms 


Limestone 


Upland      Boils — glacial      province 

Bftrnes   silt   loam   

Barnes  silt  loam,  stone  free  phase  

Barnes    clay    loam    

Barnes  loam,  clay  subsoil  phase  

i^rnes   very   fine    sandy    loam    

liames  very  fine  sandy  loam,  stone  free 

phase     

Barnes  fine  sandy  loam  

Barnes  fine  sandy  loam,  stone  free  phase. 

Williams  sandy  loam,  rolling  phase  

Barnes  loam,  east  of  Mouse  niver  

Barnes   loam.  Cut   Bank   Township   

Barnes  loam,  Lansford  Area  

Terrace  and  lake   bottom   soils 

— glacial  lake  and   river 

terrace  province 

Yalentine  fine  sand  

Pargo    silty    clay    loam    

Fargo  clay,  Scandia  Township  

Fargo    clay,    Oak    Creek    Township    

Bottom    land    soils — river    flood 
plains  province 

Umoure    clay    

Miscellaneous 

Peat    


Pounds 


7.320 
8,280 
7.400 
4,588 
7,880 

4,152 
4,120 
5,176 
1,560 
6.520 
5,960 
5.048 


2.824 

1.600 

10.080 

8,920 


11.620 


19.340  (») 


Pounds 


2,616 


1,293(1) 


Pounds 


1,704 
2,436 
2,136 
1,508 
2,168 

4,112 

190.092 

14,012 

1.680 
24,008 

1,596 
1,628 
1,624 
1,600 
2,044 
2.252 
2,040 

1 

92.820 

199,836 

8,268 

5.812 

148,828 

305,960 

5,960 

1,348 
2.668 
2.656 
2,824 

11,964 
162,432 
222,848 
292,108 

480.428 


119.436(1) 


(*)   The  weight  of  the   subsurface  of  x>eat  is  estimated  at   2.000.000  Donndi   per  acre. 

alfalfa  production  in  this  locality.  The  presence  of  so  much  lime  in 
the  heavier  soils  helps  to  give  them  a  more  friable  structure  and 
makes  it  easier  to  jtroduce  a  good  mellow  seed  bed. 

The  Maple  clay  loam  is  characteristically  an  ''alkali"  soil  and  in 
order  to  ascertain  the  amounts  of  the  more  common  salts  in  the  type 
determinations  of  the  bicarbonate,  sulphate  and  chlorides  have  been 
made.^ 

There  is  considerable  variation  in  the  soluble  salt  content  of 
the  two  localities.  In  Sec.  33,  Tp.  163,  N.  B.  77  W.  the  sulphates 
are  the  predominating  soluble  salts,  while  the  soil  from  Sec.  10,  Tp. 
162,  N.  R.  77  W  contains  a  higher  percentage  of  bicarbonate.  The 
salt  content  of  an  alkali  soil  varies  with  the  distribution  of  the  soil 
moisture  so  that  the  actual  amounts  of  the  various  salts  present  is  a 
temporary  condition.  The  data  furnishes  an  indication  however,  of 
the  relative  amounts  of  the  various  salts.  There  is  considerable  vari- 
ation in  the  salt  content  of  the  type.  This  is  in  accordance  with  field 
observations.  In  some  spots  there  is  so  much  soluble  material  that 
there  is  practically  no  vegetation,  while  in  others  there  is  a  rather 

(1)  The  soluble  alkali  salts  have  been  dissolved  by  extracting  25  grams 
of  soil  with  500  cubic  centimeters  of  distilled  water  for  24  hours.  The  bicarbon- 
ates  were  determined  by  standard  volumetric  and  the  sulphates  and  chlorides  by 
standard  gravimetric  methods. 
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heavy  growth  of  grass.-  The  high  salt  qontent  of  this  type  is  largel; 
due  to  its  defective  drainage.  K  it  could  be  drained  to  remove  tht 
salts  and  manured  to  improve  its  physical  structure  its  productivit;. 
would  be  much  increased. 

TABLE  VI.     THE   AMOUNT   OP   THE   IMPORTANT  ELEMENTS  OP   PLANT  POOD  CON 

TAINED  IN  BOTTINEAU  SOILS*  SUBSOILS  lS-40  INCHES. 

POUNDS  PER  ACRE 


Upland   soils — glacial    province 

Barnes  silt  loam   

Barnes  silt  loam,  stone  free  phase  

Barnes    clay    loam    

Barnes  loam,   clay  subsoil  phase   

Barnes   very   fine   sandy    loam    

Barnes    very    fine    sandy    Joam.    stone    free 

phase     

Barnes  fine  sandy  loam   

Barnes  fine   sandy   loam,   stone   free   phase 

Williams   sandy    foam,    rolling  phase    

Barnes  loam,  east  of  Mouse   River  

Barnes    loam,    Cut    Bank    Township 

Barnes  loam,  Lansford  Area  

Terrace    and    lake    bottom    soils — 
glacial   lake   and   river   ter- 
race   province 

Valentine  flue  sand   

Fargo    silty    clay    loam    

Fargo    clay,    Scandia    Township    

Fargo    clay,    Oak    Crcok    Township    

Bottom    land    soils — river    flood 
plains  province 

Lamoure   clay   

Miscellaneous 

Peat    


Total 
nitrogen 


Pounds 


51,840 
6,438 

10.660 
5,310 
4.777 

3,108 
8,665 
3,768 
1,950 
4,872 
4.248 
2,832 


I 


2,898 
6,132 
7,230 
6,946 


8,700 


22,020 


Total 
phosphonu 


Pounds 


3,042 

742,660 

3,372 

697,770 

3,630 

829362 

3,030 

487,302 

3,174 

984,162 

2,508 

408,132 

2,244 

498.222 

2,622 

576.030 

2,566 

108.654 

3,090 

2,036,212 

3,060 

814,902 

3,036 

1,864.042 

1,884 
8,204 
3,652 
3,228 


4,542 


•    3.168 


LimeBto&e 


Pounds 


60,094 

1,270,190 

606,060 

656.920 


728,910 


386,292 


TABLE  VII.    THE  SOLUBLE  SALT  CONTENT  OP  THE  MAPLE  CLAY  LOAM. 

EXPRESSED  AS  SODIUM  SALTS 


J 

Type 

m 

o 

•«.• 

A 

& 

Inches 

l.SOl 

0-  7 

Maple  clay  loam 

N.   W. 

N.   ^. 

N.   ^\ 

Tp.    : 

1302 
1303 

7-18 
18-40 

Maple  clay  loam 
Maple  clay  loam 

1347 
1348 

0-  7 
7-18 

Maple  clay  loam 
Maple  clay  loam 

N.   W. 

N.   ^.  ( 

Tp.   : 

1349 

18-30 

Maple  clay  loam 

Ijocation 


of  N.  E.  Sec,  33. 
163  N.  R.  77W. 
of  N.  E.  Sec.  33. 
163  N.  R.  77W. 
of  N.  E.  Sec.  33. 
163  N.  R,  77W. 

of  N.  W.  Sec.  10. 
162  N.  R.  77W. 
of  N.  W.  Sec.  10. 
162  N.  R.  77W. 
of  N.  W.  Sec.  10. 
162  N.  R.  77W. 


Percent 

Percent 

0.1169 

2.1619 

0.1040 

3.1186 

0.0884 

4.2418 

0.7480 

0.1067 

0.4020 

.0496 

0.1440 

0.0000 

Percent 
Trace 

.0210 

.0031 

.0245 

.012:^ 
.0051: 
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Taken  as  a  whole  the  chemical  analyses  of  Bottineau  County 
soils  compare  favorably  with  those  of  rich  agricultural  regions.  Like 
many  of  the  other  soils  of  the  middle  west  they  are  lower  in  nitrogen 
and  phosphorus  than  in  the  oth^r  important  elements  when  measured 
on  the  basis  of  standard  crop  demands.  They  differ  from  the  soils 
of  the  more  humid  regions  in  the  middle  west  in  that  they  contain  much 
larger  amounts  of  calcium  and  magnesium.  They  also  contain  larger 
amounts  of  limestone  or  calcium  carbonate.  Owing  to  defective  drain- 
age small  areas  contain  considerable  amounts  of  soluble  salts.  These 
areas  constitute  a  very  small  percentage  of  the  land  in  Bottineau 
County. 

THE  MANAGEMENT  OF  THE   SOILS  OF  BOTTINEAU   COUNTY 

The  great  diversity  of  soil  types  in  Bottineau  County  calls  for 
considerable  variation  in  the  management  that  they  should  be  given. 
In  this  locality  economy  of  soil  moisture  is  probably  the  most  im- 
portant object  of  all  soil  management.  In  general  there  are  four 
ways  in  which  the  available  moisture  can  be  used  most  economically 
(1)  by  practicing  such  tillage  methods  as  will  enable  the  soil  to  ab- 
sorb and  retain  as  much  of  the  rainfall  within  reach  of  crop  roots  as 
possible,  (2)  by  growing  crops  that  will  make  the  most  economic  use 
of  the  moisture  supplied  to  them,  (3)  by  growing  crops  in  such  suc- 
cession that  advantage  may  be  taken  of  the  favorable  soil  moisture 
conditions  created  by  the  culture  and  growth  of  certain  crops  and 
(4)  by  the  elimination  of  weeds  which  rob  the  growing  crops  of  large 
amounts  of  soil  moisture. 

The  topography  of  the  county,  with  the  exception  of  the  Turtle 
Mountains  is  such  that  there  is  very  little  water  lost  in  the  runoff. 
In  some  of  the  sandy  soil  types,  however,  there  is  some  loss  of  water 
through  percolation  into  the  lower  soil  layers.  This  can  be  prevented 
to  some  extent  by  keeping  the  soil  as  compact  as  possible  and  keeping 
it  well  supplied  with  organic  matter.  The  raihs  have  very  little  pack- 
ing action  on  the  soil  in  this  region  so  that  it  takes  the  soil  some  time 
to  settle  after  being  plowed.  The  sandy  soils  which  have  a  tendency 
to  become  loose,  therefore,  should  be  stirred  as  little  as  possible  and 
at  the  same  time  control  the  weeds.  This  is  accomplished  by  follow- 
ing a  rotation  which  makes  it  unnecessary  to  plow  every  year.     For 

example  in  a  simple  rotation  like 

corn  1  year, 
wheat  1  year, 
grass  1  year, 

it  is  necessary  to  plow  but  once.  The  land  would  be  plowed  for  the 
corn,  the  wheat  seeded  on  the  corn  stubble  land  without  plowing,  the 
grass  being  seeded  with  the  wheat.  While  this  rotation  would  prob- 
ably not  be  suited  to  many  farms  in  the  county  under  present  condi- 
tions it  illustrates  a  method  of  keeping  the  sandy  soils  in  a  compact 
condition.  Some  of  the  sandy  soils  drift  badly,*  especially  when 
plowed  in  the  fall.  This  can  be  retarded  to  some  extent  by  giving 
such  lands  a  top  dressing  of  manure  in  the  fall  and  winter.  Drifting 
can  also  be  checked  by  covering  the  soil  with  straw.  When  this 
straw  decays  it  adds  to  the  supply  of  organic  matter  in  the  soil  and  is 
of  permanent  benefit. 
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Corn  and  alfalfa  make  about  as  good  use  of  the  available  mois- 
ture as  any  crops  suited  to  the  region.  The  cultivation  given  the 
corn  crop  removes  the  competing  weeds  and  keeps  the  soil  in  good 
condition  to  absorb  and  retain  the  soil  moisture  in  the  plowed  lay^r 
where  better  use  can  be  made  of  the  available  plant  food.  Alfalfa 
begins  to  use  soil  moisture  early  in  the  spring  and  by  means  of  \t^ 
long  roots  uses  it  from  the  soil  to  a  considerable  depth  as  fast  as  it 
is  supplied  by  the  rainfall.  Winter  rye  makes  use  of  the  early  spring 
moisture  to  better  advantage  than  spring  sown  crops. 

When  spring  wheat  or  other  small  grain  follows  corn,  fairlj 
good  use  is  made  of  the  soil  moisture  because  the  extra  supply  is 
used  in  producing  a  crop  especially  well  suited  to  the  climate  of 
the  region.  In  other  words  the  favorable  soil  conditions  left  by  the 
corn  crop  help  to  balance  the  climatic  conditions  for  the  growth  of 
wheat.  The  uniformly  compact  structure  of  the  seed  bed  makes  pos- 
sible a  more  complete  distribution  of  soil  moisture  to  the  crop  roots. 

The  elimination  of  weeds  is  essential  if  the  best  use  is  to  be 
made  of  soil  moisture.  Where  a  wheat  field  consists  of  half  wild 
oats,  only  half  of  the  available  moisture  can  be  used  in  the  produc- 
tion of  wheat.  In  case  the  available  soil  moisture  is  sufficient  for 
30  bushels  of  wheat  the  wild  oats  would  reduce  the  yield  to  15 
bushels.  While  fields  containing  such  a  large  percentage  of  wild  oats 
are  unusual  many  contain  enough  to  reduce  the  yield  materially.  The 
growing  of  inter-tilled  crops  like  corn  and  potatoes  and  the  growing 
of  alfalfa  are  the  best  means  of  controlling  the  weeds  which  are  most 
common  in  the  region.  The  growing  of  winter  rye  helps  to  keep 
certain  weeds  in  check.  Bare  fallow  if  well  tilled  stores  some  mois- 
ture and  is  a  good  preparation  for  small  grain  but  no  return  is  se- 
cured from  such  land  the  year  it  is  fallowed  while  corn  or  potatoes 
will  furnish  an  income  with  very  little  additional  cost. 

The  tilth  of  most  oi  the  soils  of  Bottineau  County  is  very  good 
but  certain  extreme  conditions  demand  special  treatment.  One  of 
the  serious  problems  is  to  prevent  the  drifting  of  the  coarser  textured 
loose  soils.  The  best  way  to  improve  these  soils  permanently  is  to 
increase  their  content  of  organic  matter.  After  organic  matter  has 
reached  a  certain  stage  of  decay  it  holds  the  coarser  soil  particles 
together  and  thereby  has  a  tendency  to  retard  drifting.  Grass  roots 
left  in  the  soil  after  hay  crops  have  been  grown  have  a  binding  eflPect 
on  loose  soils.  If  large  amounts  of  organic  manures  are  plowed 
under  on  light  soils  for  small  grain  the  soil  is  apt  to  dry  out  rapidly. 
It  is  usually  a  better  practice  to  apply  the  fresh  manure  as  a  to]-* 
dressing  on  plowed  land  and  disk  it  in,  plow  it  under  for  corn  or 
spread  it  on  pasture  land  that  is  in  the  regular  cropping  system. 
Temporary  measures  may  be  adopted  that  will  help  to  control  drifting 
soils  such  as  covering  the  land  with  a  coat  of  manure  or  straw.  It 
is  not  advisable  to  apply  more  than  l^/^  tons  of  straw  to  an  acre. 
Drifting  can  be  avoided  to  a  great  extent  by  planning  the  rotation  so 
that  it  will  not  be  necessary  to  leave  the  soil  bare  during  the  winter. 
The  seeding  of  winter  rye  in  the  stubble  and  the  practice  of  spring 
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plowing  keeps  the  soil  in  condition  during  the  winter  so  that  it  will 
not  be  so  likely  to  drift. 

In  a  rotation  of 

com   1   year, 
barley  1  year, 
winter  rye  1  year, 
wheat  1  year, 
sweet  clover  1  year, 

— ^the   ground    for   the   corn 

could  be  plowed  in  the  spring,  no  plowing  would  be  necessary  for  the 

barle3%  the  winter  rye  could  be  stubbled  in  and  the  land  plowed  in 

the  spring  for  wheat.    If  the  com  ground  is  inclined  to  drift  manure 

can  be  spread  on  it  in  the  fall  after  the  crop  is  removed.    If  one  wishes 

to   take  advantage  of  the  early  plowing  made  possible  by  the  early 

ripening  of  the  winter  rye  the  ground  could  be  plowed  in  midsummer 

and  covered  with  manure  or  straw  during  the  winter.     In  some  cases 

the  soil  drifts  badly  on  newly  seeded  alfalfa.     This  can  be  prevented 

by  giving  it  a  light  covering  of  manure.     After  the  alfalfa  is  well 

started  it  will  control  drifting  soils  very  well. 

Some  of  the  finer  textured  ** gumbo"  soils  are  very  hard  to  till 
and  if  not  handled  right  it  is  difficult  to  work  them  into  a  good  seed 
bed.  The  Pargo  clay  and  Fargo  silty  clay  loam  belong  to  this  class 
of  soils.  If  plowed  when  too  wet  they  sometimes  bake  and  when  an 
attempt  is  made  to  prepare  a  seed  bed  shortly  after  plowing  the  land 
works  up  eloddy.  If  plowed  when  too  dry  large  lilmps  or  clods  are 
turned  up  and  it  is  difficult  to  prepare  a  good  seed  bed.  If  these 
soils  are  plowed  in  the  fall  when  the  moisture  content  is  as  near  right 
as  possible  they  mellow  down  during  the  winter  and  an  excellent  seed 
bed  can  be  produced  in  the  spring.  The  tilth  of  these  fine  textured 
soils  is  injured  by  driving  over  the  land  when  it  is  wet.  When  these 
clay  soils  are  in  good  tilth  the  small  soil  particles  are  united  into 
flTOTips  or  granules  and  the  soil  is  said  to  have  a  " crumb'*  structure. 
When  this  is  fully  developed  they  are  mellow  and  in  fine  condition  for 
the  seeding  and  growth  of  crops.  When  fine  textured  soils  are  handled 
when  wet  the  granules  are  broken  up  and  the  small  particles  run  to- 
either  and  form  large  clods  that  are  more  or  lass  impervious  to  water 
and  air.  The  growing  of  legume  and  grass  crops  in  the  rotation  pro- 
niotes>  a  granular  condition  in  these  fine  textured  soils.  The  growing 
roots  produce  lines  of  cleavage  between  soil  particles  .and  when  they 
deoay  open  spaces  are  left  between  the  soil  granules.  The  application 
of  farm  manure  has  a  similar  efl'ect  upon  clay  and  clay  loam  soils. 
Whore  small  grains  are  grown  exclusively  there  is  a  tendency  for  clay 
soils  to  become  soggv  and  **dead."  The  application  of  manure  or 
the  growing  of  hay  crops  in  the  rotation  makes  such  soils  mellow  and 
friable.     Drainage  improves  the  structure  of  these  soils  m-^terially. 

While  the  countv  is  in  a  comparatively  new  agricultural  region 
and  small  grain  has  been  the  principal  source  of  income  on  all  farms, 
in  the  future  many  of  the  farms  of  the  countv  would  be  more  profit- 
able if  forage  crops  had  a  more  prominent  place  in  the  cropping 
srv'stem  than  at  present.  In  the  past  the  cropping  has  been  much  the 
same  on  nil  soil  types.  It  is  obvious,  however,  that  the  same  cropping 
will  not  be  equally  well  adapted  to  the  Pargo  clay  and  the  Valentine 
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fine  sand.  The  finer  textured  soils,  the  clays,  clay  loams,  silly  clay 
loams  and  silt  loams  are  the  strongest  soils  in  the  county  and  they  will 
be  able  to  support  a  cronning  system  containing  a  larger  acreage  of 
grain  crops  than  the  sandv  loams.  On  the  other  hand  the  sandy  loam.s 
are  warmer  soils  and  corn  will  grow  faster  and  be  more  likely  tv 
mature.  For  this  reason  corn  should  have  a  larger  acreage  in  the 
cropping  system  than  on  the  heavier  soils.  Some  of  the  coarser  textured 
Sioux  soils  have  water  fairlv  close  to  the  surface  and  no  doubt  some 
of  these  could  be  used  more  profitably  in  the  production  of  alfalfa 
than  in  any  other  way. 

The  demonstration  farms  which  are  under  the  supervision  of  the 
Experiment  Station  have  been  established  to  show  what  can  be  accom- 
plished by  growing  crops  in  a  rotation,  the  return  of  farm  manure,  and 
the  use  of  good  seed  in  various  localities  in  the  state.  The  farms  con- 
sist of  from  four  to  seven  fields  depending  upon  the  length  of  the 
rotation.  There  are  as  many  fields  as  there  are  years  in  the  rotation, 
and  all  crops  in  the  rotation  are  grown  every  year,  one  on  each  field. 
The  crops  follow  each  other  on  the  various  fields  in  regular  order  as 
the  years  advance.  Manure  is  applied  at  the  rate  of  10  to  12  tons  per 
acre  for  the  com.  The  yield  of  each  crop  is  kept  and  the  tillage  and 
management  of  the  crop  are  recorded.  The  records  of  these  farms 
furnish  information  concerning  the  crop  adaption  of  the  soil  on  which 
they  are  located  and  are  of  service  in  ascertaining  what  can  be  accom- 
plished by  a  fair  system  of  soil  management.  Three  of  these  farms 
are  located  in  counties  immediately  adjacent  to  Bottineau  and  furnish 
evidence  concerning  the  use  of  certain  soils  in  this  county. 

The  farm  located  west  of  Mohall  is  only  a  short  distance  from  the 
count>^  line.  The  results  on  this  farm  apply  more  directly  to  the 
soils  in  the  western  part  of  the  county,  especially  the  Barnes  loam  and 
Barnes  silt  loam.  The  results  at  Granville  apply  more  especially  to 
the  coarse  textured  soils  in  the  south  central  part  of  the  county  and 
those  on  the  Rugby  farm  more  especially  to  the  Barnes  very  fine  sandy 
loam.  These  farms  are  all  located  fairly  close  to  the  countv  and  the 
results  apply  to  ouite  a  larere  part  of  the  county.  Not  all  of  the  crops 
that  are  adapted  to  the  soils  of  the  county  have  been  grown  on  these 
farms  but  crops  commonly  grown  in  the  region  have  been  grown 
and  the  yields  recorded  thereby  furnishing  definite  information  for 
these  crops. 

The  Granville  demonstration  farm  is  located  on  sandy  soil  similar 
to  some  of  the  coarser  textured  tA'^pes  of  Bottineau  County.  Durir.e 
the  nine  year  period,  1906  to  1914  corn  was  planted  on  one  field  each 
year.  In  1910  an  extremelv  drv^  year,  the  corn  as  well  as  all  other 
crops  was  a  failure.  Com  was  planter!  on  one  of  the  plots  that  is 
somewhat  more  sandy  than  the  rest  of  the  farm  in  that  year.  Corn 
matured  5  years  of  the  remaining  8.  The  yield  of  shelled  corn  wa^ 
determined  for  3  years  of  these  5  and  the  average  yield  was  33.7n 
bushels  per  acre.  Calculating  the  yield  to  a  fodder  basis  for  the  8 
years  that  crops  were  harvested  the  average  yield  was  1.45  tons  per  acre, 
tn  1911  corn  was  the  only  crop  that  was  not  a  failure. 

Durum  wheat  has  been  seeded  five  times.  The  crop  was  a  failure 
in  1910  and  the  averasre  vield  for  the  other  4  vears  was  13.34  bushels 


SOIL   SURVEV   OP   BOTTINEAU   COUNTY  145 


per  acre.  Blue  stem  wheat  was  seeded  4  years.  It  failed  in  1911 
and  the  average  yield  for  the  remaining  3  years  was  16.28  bushels. 
The  average  yield  for  the  9  years  wheat  was  seeded  including  the 
years  in  whicn  it  failed  was  11.34  bushels  per  acre,  uats  ana  peas 
were  seeded  six  times  and  failed  in  1910  and  1911.  The  average  yield 
of  hay  for  the  4  remaining  years  was  1.72  tons  per  acre.  Barley  hys 
been  seeded  five  times.  It  tailed  in  1910  and  the  average  yield  for  tne 
remaining  4  years  was  17.16  bushels  per  acre.  Flax  was  a  failure 
1  year  out  of  4.  The  average  yield  for  the  3  remaining  years  was  7.78 
bushels  per  acre.  Winter  rye  averaged  12.5  bushels  per  acre  for  the  3 
years  it  was  grown  and  three  crops  of  oats  averaged  44.41  bushels  per 
acre. 

Corn  has  been  the  most  consistent  crop  for  the  entire  period  while 
oats  and  oats  and  peas  for  hay  have  made  fairly  good  showing.  The 
exceptionally  good  average  yield  of  oats  was  partiy  due  to  Uie  fact 
that  they  were  grown  in  two  favorable  years  but  when  compared  with 
other  small  grains  grown  the  same  year  they  have  an  advantage.  Win- 
ter rye  might  prove,  profitable  in  favorable  years  if  the  cost  of  pro- 
duction is  not  too  high. 

The  Alohall  demonstration  farm  was  established  in  1910.  This 
farm  is  located  for  the  most  part  on  Barnes  loam  and  Barnes  silt  loam. 
Com  matured  3  years  of  the  5  during  the  period  of  1910  to  1914. 
The  average  yield  of  shelled  com  for  these  years  was  34.8  bushels  to 
the  acre.  The  averagre  yield  of  fodder  for  the  other  2  years  was  2.29 
tons  per  acre.  The  average  yield  of  the  blue  stem  and  durum  wheats 
grown  during  this  period  have  been  13.5  bushels  to  the  acre  and  20.17 
bushels  to  the  acre  respectively  when  both  were  grown  in  the  same 
year.  Durum  was  grown  in  1910  an  unfavorable  year  so  that  its 
average  yield  for  the  5  years  is  15.43  bushels.  Durum  wheat  being 
seeded  on  corn  ground,  has  a  more  favorable  place  in  the  rotation  than 
blue  stem,  which  no  doubt  accounts  largely  for  its  better  yield.  Oats 
and  peas  grown  3  years  produced  an  average  yield  of  1.37  tons  of  hay 
per  acre.  Timothy  and  clover  yielded  a  little  over  a  ton  to  the  acre 
in  1913  and  German  millet  about  the  same  in  1914. 

The  rotation  of  this  farm  during:  the  5  year  period  1910-1914  was 

corn,  1  year, 

durum  wheat,  1  year, 

oata  1  year, 

blue   stem   wheat,    1    year,   and 

oats,  and  peas   1  year, 

"During  this  period  a  net  profit  of  $3.26  per  acre  has  been  ob- 
tained from  this  farm  or  a  net  profit  of  $1,043  on  a  half  section  farm 
with  such  a  rotation  after  all  expenses  have  been  paid  that  are  involved 
in  producing  farm  crops."  (^) 

The  Rugby  demonstration  farm  is  located  for  the  most  part  on 
Barnes  very  fine  sandy  loam,  stone  free  phase,  and  Barnes  silt  loam  and 
is  representative  of  quite  a  large  area  in  Bottineau  County.  This  farm 
was  established  in  1909.  The  rotation  followed  for  the  most  part  has 
been: 

(')   Ninth   Annual   Report   North  Dakota  State  DemonHtration   FarniB,  p.  30 
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corn  1  year, 

wheat  1  year, 

barley  1  year, 

oats  and  peas  1  year,  and 

wheat  1  year. 

Mature  corn  has  been  produced  3  years  of  the  6  that  the  farm  ha^ 
been  operated.  The  yield  of  grain  was  not  determined  in  1909,  the 
fodder  yield  being  1.59  tons  per  acre.  The  average  yield  of  the  fodder 
for  the  3  years  tne  corn  did  not  mature  was  1833  pouuds  per  acre. 
This  included  the  extremely  dry  year  of  1910  when  all  other  crops 
except  wheat  on  corn  ground  were  an  entire  failure. 

The  average  yield  of  wheat  during  the  6  year  period  has  been 
16.14  bushels  per  acre.  Barley  has  averaged  27.07  bushels  per  acre 
and  oats  and  peas  1.65  tons  of  hay  per  acre. 

The  Langdon  substation  in  Cavalier  County  is  located  on  a  soil 
similar  to  the  Barnes  verv  fine  sandy  loam  so  that  the  results  at  this 
station  will  apply  in  a  large  measure  to  this  type.  Where  barnyard 
manure  has  been  applied  in  the  fall  preceding  the  year  in  which  corn 
is  grown  in  a  6  year  rotation  there  has  been  an  average  increase  of 
1.23  tons  per  acre  of  fodder  as  an  average  of  3  years.  Two  yeari> 
results  witii  oats  following  this  com  has  shown  an  average  annual 
increase  of  5.09  bushels  per  acre  due  to  the  manuring  of  the  com.  Tlio 
manure  has  shown  an  increase  of  3.89  bushels  per  acre  for  the  wheat 
crop  following  the  oats  in  such  a  rotation. 

If  the  productive  capacity  of  the  soils  of  the  county  is  to  be  main- 
tained at  its  highest  point  crops  must  be  grown  which  are  adapted  to 
the  respective  soil  types.  These  crops  must  be  grown  in  a  rotation  that 
will  provide  for  the  control  of  weeds,  the  maintenance  of  good 
tilth,  an  adequate  supply  of  decaying  organic  matter  in  the  soil 
and  the  economic  use  of  soil  moisture  and  plant  food.  In  a  well 
balanced  system  of  farming  the  necessary  livestock  will  convert  the 
forage  crops  and  straw  into  manure.  This  should  be  returned  to  the 
soil  with  as  little  loss  as  possible.  When  applied  to  the  right  crops 
in  the  rotation  it  will  produce  a  material  increase  in  yield. 

The  foregoing  results  secured  on  the  demonstration  farms  in  this 
locality  and  on  the  Substation  at  Langdon  show  that  when  attention 
is  given  to  crop  rotation  and  the  use  of  farm  manure  fair  yields  will 
be  obtained.  When  more  forage  is  grown  in  the  rotation,  fed  on  thi» 
farm  and  all  of  the  straw  returned  to  the  land  in  the  manure,  more 
profitable  yields  will  be  obtained  on  the  lands  that  are  now  cropped 
to  small  grain  exclusively. 

SUMMAEY. 

The  soils  of  Bottineau  County  have  been  derived  from  glacial 
drift.  A  considerable  portion  of  the  drift  still  remains  in  the  same 
position  as  when  deposited  by  the  ice  sheet  having  been  modified  only 
by  weathering  and  vegetation.  The  drift  in  the  remainder  of  the 
county  has  been  reworked  to  some  extent  by  water  and  wind. 

The  topography  of  the  county  with  tiie  exception  of  the  Turtle 
Mountain  region  is  level  to  undulating.  The  Turtle  Mountains  are 
rolling  and  contain  many  small  depressions  some  of  which  are  ponds 
and  lakes. 
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The  drainage  system  is  not  extensive  and  some  areas  could  be 
improved  by  artificial  drainage.  As  a  whole  the  drainage  of  the 
county  is  adequate  to  take  care  of  the  rainfall  except  in  limited  areas. 

Ihe  soils  of  the  county  may  be  placed  in  three  general  groups: 
Upland,  Bench  land  and  Lake  bottom,  and  Bottom  land  soils,  'ihe 
Lpland  soils  are  divided  into  the  Barnes,  Williams  and  Valentine 
series,  the  Bench  land  and  lake  bottom  soils  into  the  Fargo,  Rogers 
and  Maple  series,  and  the  bottom  land  soils  are  in  the  LaMoure  series. 

The  soils  of  the  Barnes  series  cover  the  greater  part  of  the 
county.  The  Barnes  very  fine  sandy  occupies  a  large  part  of  the 
county  and  is  suited  to  general  farming.  It  is  inclined  to  drift  in 
some  localities  but  this  can  be  controlled  by  a  system  of  cropping  th^t 
vkill  keep  the  soil  in  a  compact  condition  during  the  winter  and  spring. 
The  Barnes  loam  is  also  a  very  extensive  type  suited  to  general  farming. 
It  will  stand  heavier  cropping  to  small  gram  than  the  very  fine  sandy 
ioajn.  The  heavy  subsoil  phase  of  this  type  in  the  Turtle  Mountains 
is  more  rolling  than  the  typical  phase  but  has  a  higher  water  holding 
capacity.  The  Barnes  silt  loam  is  one  of  the  best  soils  ^or  general 
farming  in  the  county.  The  Barnes  clay  loam  and  clay  in  the  moun- 
tains are  productive  soils  and  a  large  proportion  of  their  area  will 
eventually  be  brought  under  cultivation.  The  Barnes  fine  sandy  loam 
has  a  lower  water  holding  capacity  than  the  finer  textured  types  oi 
this  series  but  if  properly  managed  good  crops  can  be  produced.  Corn, 
potatoes  and  alfalfa  should  occupy  a  prominent  place  in  the  cropping 
system  on  this  type. 

The  soils  of  the  Williams  series  in  this  county  are  quite  rough  in 
topography  and  are  low  in  water  holdinjj:  capacity.  A  considerable 
area  of  these  itypes  is  better  suited  to  grazing  than  to  the  growing  of 
crops* 

The  Valentine  fine  sand  is  inclined  to  drift  and  special  care  should 
be  taken  to  keep  the  soil  as  compact  as  possible.  This  can  be  accom- 
plished by  planning  the  cropping  system  so  that  the  land  will  not 
need  to  be  plowed  every  year.  Corn,  sweet  clover,  and  alfalfa  should 
have  an  important  place  in  the  rotation  on  this  type.  Oats,  winter  rye 
and  durum  wheat  can  be  used  to  advantage  as  grain  crops.  The  use 
of  farm  manure  will  increase  the  productive  capacity  of  this  soil 
materially.  Light  applications  in  the  fall  will  keep  the  soil  from  drifting 
in  the  winter  and  spring. 

The  soils  of  the  Sioux  series  have  a  gravel  subsoil  and  a  low  water 
holding  capacity.  They  occupy  a  lower  topographic  position  and  receive 
some  drainage  from  the  Barnes  soils,  however,  and  in  some  areas  will 
withstand  drouth  fairly  well.  The  water  table  is  fairly  close  to  the 
surface  in  some  areas.  Corn,  potatoes,  alfalfa  and  sweet  clover  should 
iiave  a  place  in  the  rotation  on  these  types  and  oats,  winter  rye  and 
durum  wheat  can  be  grown  successfully  on  the  better  types. 

The  Fargo  clay  Ls  one  of  the  most  fertile  soils  of  the  county  but 
iH  not  as  well  drained  as  some  of  the  others.  It  is  a  good  small  grain 
soil  but  com  and  potatoes  can  be  grown  to  advantage  in  the  rotation. 
Alfalfa  and  grass  should  also  have  a  place  in  the  cropping  system.  This 
soil  should  be  fall  flowed  as  it  is  freijuently  difficult  to  work  it  into 
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a  mellow  seed  bed  when  plowed  in  the  spring.  The  Fargo  silty  clay 
loam  has  many  of  the  characteristics  of  the  Fargo  clay  out  is  more 
easily  tilled  and  better  suited  to  the  growth  of  corn  and  potatoes. 

The  Mapl«  clay  loam  and  the  Sogers  clay  loam  contain  alkali  in 
sufficient  quantities  to  be  injurious  to  crops,  ihey  are  poorly  cLrainevi 
and  hard  to  cultivate.  They  probably  can  be  used  to  the  best  advantage* 
as  pasture  and  wild  hay  land.  Some  areas  rould  be  improved  by  drain- 
age and  applications  of  farm  manure. 

The  LaMoure  clay  in  the  Mouse  River  bottoms  has  not  been  cul- 
tivated to  any  extent  but  with  proper  management  it  can  be  used  in 
the  production  of  the  common  crops  of  the  regions.  Alfalfa  should  do 
well  on  this  type.  On  account  of  its  high  content  of  clay  it  is  difficult 
to  cultivate  and  fall  plowing  should  be  practiced.  The  application 
of  farm  manure  and  the  growing  of  alfalfa  will  help  to  loosen  the 
structure. 

The  chemical  composition  of  the  soils  of  the  county  compares 
favorably  with  those  of  rich  agricultural  regions.  Like  other  soiLs 
of  the  middle  west  the  nitrogen  and  phosphorus  content  is  relatively 
low  when  measured  on  the  basis  of  standard  crop  demands.  The  mag- 
nesium,  calcium  and  carbonate  content  is  higher  than  in  the  soils  of  the 
more  humid  states  of  the  com  belt. 

Small  areas  contain  ''alkali"  or  soluble  salts  in  sufficient  quantities 
to  injure  crops  but  those  areas  constitute  a  very  small  percentage  of 
the  county. 

The  economic  use  of  soil  moisture  is  one  of  the  greatest  problems 
of  the  county.  This  can  be  accomplished  by  practicing  a  well  balanced 
system  of  cropping  which  will  eliminate  weeds  and  provide  for  a 
succession  of  crops  that  prevent  excessive  loss  of  water  from  the  surface 
of  the  soil.  Better  tillage  methods  will  be  of  some  heVp  but  unless 
acompanied  by  a  rotation  of  crops  the  best  results  can  not  be  obtained. 

The  supply  of  organic  matter  in  many  of  the  soils  has  been  ma- 
terially reduced  and  a  new  supply  is  needed  to  promote  the  conversion 
of  inert  plant  food  into  available  form.  This  can  be  most  economically 
supplied  by  the  return  of  farm  manure. 

Results  obtained  on  the  Rugby,  Mohall  and  Granville  Demonstration 
farms  and  the  Langdon  substation  show  that  good  jrields  can  be  obtained 
on  the  representative  soils  of  the  county  when  a  rotation  of  crops 
is  followed,  good  seed  used  and  farm  manure  returned. 
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NOTES  ON  PARASITIC  ANAPHYLAXIS  AND  ALLERGY 

By  L.  Van  Es  and  A.  F.  Schalk 

Ever  since  the  time  when  Vallee  and  Carr^  (1,  2,  3)*  published 
the  results  of  their  investigation  of  infectious  anemia  of  the  horse, 
European  as  well  as  American  experimenters  have  been  unanimous 
in  regarding  this  disease  as  due  to  a  specific  liltramicroscopic  virus. 

The  infectious  nature  of  the  disease  .  has  not  been  questioned, 
not  only  because  of  its  capability  of  being  readily  communicated  to 
other  horses,  but  above  all  from  the  standpoint  of  its  epidemiology. 
Its  apparent  localization  in  certain  regions,  on  given  farms  even, 
was  so  characteristic  that  doubt  was  no  longer  reasonable. 

It  is  not  surprising,  thus,  that  a  new  explanation  of  the  etioloj,/ 
of  this  disease  received  considerable  attention  from  those  engaged  in 
its  investigation. 

Such  an  explanation  was  attempted  by  K.  R.  and  R.  Seyder- 
helm  of  Straszburg,  who  in  three  publications  (4,  5,  6)  appearing 
during  1914,  made  known  the  results  of  their  studies  and  their  con- 
clusions. 

In  the  first  of  those  three  publications  (4)  the  author  relates 
his  findings  in  a  study  undertaken  in  order  to  throw  light  on  the 
nature  of  the  primary  anemias  of  man.  The  author  deemed  it  use- 
ful, in  order  to  better  understand  the  nature  of  anemia  in  general, 
to  make  an  investigation  of  similar  diseases  occurring  among  animals. 
Among  those  the  horse  disease  known  as  infectious  or  pernicious 
anemia  seemed  to  oflPer  a  promising  field  of  research. 

Considerable  of  the  author's  effort  was  devoted  to  the  patho- 
logic anatomy  and  the  findings  already  published  by  this  station 
some  years  before  (7)  were  either  confirmed  or  elaborated. 

The  author's  study  of  the  blood  changes  revealed  a  constant  in- 
crease in  its  color  index,  in  spite  of  an  abnormally  low  absolute  hemo- 
globin content. 

Leucopenia  was  frequently  found  as  well  as  lymphocytosis,  and 
a  reduction  of  the  eosinophiles  down  to  their  complete  absence.  The 
blood  platelets  were  constantly  reduced  and  toward  the  fatal  term- 
ination were  entirely  absent. 

Seyderhelm  is  struck  by  the  contrast  between  the  blood  findings 
and  the  changes  found  in  the  organs.  In  the  blood  there  is  no  indi- 
cation of  an  increased  blood  formation.  On  the  other  hand,  one  is 
surprised  to  find  a  very  red  bone-marrow  and  highly  marked  mye- 
loid changes  in  the  secondary  blood  forming  organs.  Liver  and 
spleen  are  stuffed  with  enormous  cell  masses,  all  stages  of  erythro- 
poiesis  and  leucopoiesis  being  ranged  alongside  each  other.  In  spite 
of  this  well  developed  reproduction  of  the  initial  stages  of  all  blood 
cells,  nothing  of  this  is,  according  to  the  author,  to  be  found  in  the 
blood. 

In  comparison  with  the  numerous  lymphocytes,  the  myelocytes 
and  finished  leucocytes  are  less  conspicuous.  Alongside  of  this 
there  are  all  the  phases  of  erythropoiesis. 

•Numbers  refer  to  references  on  page  192. 
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The  author  found  in  all  his  cases  a  more  or  less  extensive  mye- 
loid change  of  the  spleen. 

Myeloid  cell  accumulations  in  the  liver  are  divided  over  two 
groups.  One,  extravascular,  periportal,  consisting  of  myelocytes 
and  leucocytes  and  an  intracapillary  one,  composed  of  lymphocytes 
and  normoblasts. 

While  in  the  publication  just  mentioned  Seyderhelm  appears 
to  be  in  accord  with  the  prevailing  views  relative  to  the  etiology  of 
the  disease,  the  authors  of  the  second  publication  (5)  came  to  an 
entirely  different  conclusion. 

Certain  indications  met  with  in  literature,  as  well  as  in  infor- 
mation obtained  from  owners,  made  it  appear  probable  to  the  authors 
that  there  exists  an  intermediary  host  or  carrier.  The  seasonal  in- 
cidence of  the  disease  strengthened  them  in  this  belief,  and  because 
of  the  fact  that  of  all  the  insects  and  parasites  found,  the  larvae  of 
Gastrophilus  were  the  only  ones  constantly  present  in  all  of  the  85 
cases  examined,  they  suspected  that  those  parasites  had  a  certain 
relation  t6  the  disease. 

The  question  which  presented  itself  to  the  Seyderhelms  was: 
Can  the  disease  be  transmitted  to  a  healthy  horse  by  means  of  the 
intravenous  injection  of  the  extract  of  Gastrophilus  larvae,  taken 
from  horses  affected  with  infectious  anemia? 

On  November  30,  1911,  they  cleaned  by  means  of  repeated 
washings,  four  larvae  of  Gastrophilus  equi,  which  were  taken  from 
a  horse  dead  with  infectious  anemia.  While  gradually  adding  50 
c.  c.  of  a  physiologic  salt  solution,  the  larvae  were  crushed,  the  mix- 
ture immediately  filtered  and  used  for  the  injection. 

The  intravenous  injection  was  made  slowly.  The  authors  report 
the  following  observations:  After  3  minutes,  the  pulse  became  more 
rapid  and  after  2  minutes  more  the  animal  became  markedly  uneasy, 
defecated  repeatedly,  stretched  its  neck  forward  and  commenced  to 
tremble.  The  rate  of  respiration  increased  to  32  p.  m.  There  was 
profuse  sweating  over  the  entire  body,  the  animal  showed  a  marked 
inclination  to  vomit,  the  nostrils  were  dilated,  while  the  saliva  and 
nasal  mucus  flowed  profusely.  The  conjunctivae  were  injected  and 
very  red  in  color,  there  was  lachrymation,  dyspnea  made  its  appear- 
ance, the  pulse  rate  increased  to  120  p.  m.  and  8  minutes  after  the 
injection  could  no  longer  be  felt.  Six  minutes  after  the  completion 
of  the  injection,  the  animal  commenced  to  stagger  in  a  conspicuous 
manner.  There  was  an  increasing  weakness,  especially  of  the  hind 
extremities  and  3  minutes  after  the  injection  the  animal  fell  to  the 
ground,  drew  its  neck  backward  and  expired  12  minutes  after  it 
received  the  extract. 

The  autopsy  revealed  the  peripheral  vessels  markedly  dilated 
and  where  they  were  severed,  they  emitted  a  dark-red  non-coagulated 
blood.  All  mucosae  were  dark  red,  injected,  permeated  by  quite 
extensive  hemorrhages.  Above  all  the  mucosae  of  the  stomach, 
colon,  cecum  and  rectum  presented  the  picture  of  the  severest  type 
of  acute  hemorrhagic  gastro-enteritis.  AH  organs  appeared  hemor- 
rhagic, everywhere  escaped  non-coagulated  tar  colored  blood  upon 
cross  section.     The  spleen  above  all  was  softened  and  when  cut  into, 
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it  presented  the  appearance  of  a  black  mush.  The  liver  also  was 
markedly  hyperemic,  while  the  kidneys  showed  numerous  hemor- 
rhages especially  in  the  cortex.  The  heart,  on  its  surface,  looked  as 
if  spattered  with  blood,  was  covered  by  numerous  quarter-sized 
hemorrhages  and  a  similar  picture  was  shown  by  the  endocardium. 
The  lungs  also  were  engorged  with  blood. 

Before  the  authors  risked  to  d'raw  further  conclusions  from 
their  observations,  they  injected  an  extract,  made  in  a  similar  manner 
from  four  other  larvae,  taken  from  the  same  horse,  intravenously 
into  a  rabbit.  This  animal  showed  no  reaction  whatever.  Similar 
trials  were  made  with  dogs,  mice,  chickens,  pigeons,  hogs,  sheep  and 
cattle.  It  was  found,  that  the  only  animal  aside  from  the  horse, 
reacting,  although  more  feebly,  is  the  ass. 

To  the  Seyderhelms,  it  appeared  probable,  that  the  Gastrophilus 
larvae  contain  a  substance  specifically  toxic  for  the  horse.  To  this 
substance  they  gave  the  name  *'oestrin". 

The  investigators  asked  now:  Is  this  finding  merely  coinci- 
dental or  has  it  in  some  way  a  relation  to  infectious  anemia?  In 
their  experiments,  designed  to  find  an  answer  to  this  question,  they 
used  20  healthy  horses,  of  which  8  became  the  victims  of  the  em- 
inently toxic  action  of  the  **oestrin".  They  injected  hundreds  of 
larvae,  procured  from  various  sections  of  Germany  and  nearly  always 
observed  the  same  characteristic  reaction  as  described.  They  fur- 
thermore observed,  that  larvae  taken  from  healthy  horses  did  not 
diflPer  in  their  action  from  those  removed  from  horses  affected  with 
infectious  aneniia.  They  further  found  that  the  larvae  of  Gastro- 
philus hemorrhoidalis  were  especially  toxic. 

In  the  cases  which  survived  the  injections,  increases  in  the  body 
temperature  were  observed,  while  a  more  or  less  marked  loss  of 
weight  was  one  of  the  sequelae  noted.  The  temperature  curves 
observed  by  the  Seyderhelms,  conveyed  the  impression  that  t)iey 
were  dealing  with  an  infection  by  some  pathogenic  organism.  By  this 
consideration,  they  were  induced  to  inquire,  if  they  were  confronted 
by  some  bacterium  or  ultra-microscopic  organism,  or  a  definite  chem- 
ical substance  of  a  poisonous  character,  contained  in  the  larvae  and 
which  brought  about  this  typical  reaction  in  the  horse? 

In  the  course  of  their  experiments  designed  to  throw  light  on 
this  point,  they  found  that  a  continued  heating  for  several  hours  in 
the  autoclave  failed  to  deprive  the   extract  of  its  toxic  principles. 

They  further  studied  the  effects  of  chemicals  upon  the  Gastro- 
philus extracts.  In  this  they  observed  that  a  day's  exposure  to  96% 
alcohol  could  not  influence  its  action,  while  the  same  can  be  said  of 
such  agents  as  ether,  chloroform,  acetone,  iodine-trichloride  and 
chloride  of  calcium. 

It  was  also  found  that  the  substances  spontaneously  eliminated 
from  living  Gastrophilus  larvae  also  were  toxic  for  the  horse. 

In  their  experiments,  three  healthy  horses  were  repeatedly  in- 
jected with  the  Gastrophilus  extracts,  and  as  a  result  of  those  trials 
the  authors  concluded  that  it  is  possible  by  the  use  of  correctly 
graded  doses  to  bring  about  a  febrile  anemia,  progressively  leading 
to    death,    and    which,    clinically,    patho-anatomically,    histologically 
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and  hematologically  can  in  no  way  be  distinguished  from  the  per- 
nicious anemia  of  horses.  The  authors  also  obtained  a  very  marked 
reaction  with  an  extract  prepared  from  the  egg-bearing  Gastrophilus 
fly  after  its  intravenous  injection  into  one  of  the  three  horses  men- 
tioned. The  next  step  in  the  Seyderhelm  experiments  was  an  at- 
tempt to  transmit  disease  with  the  blood  from  horses  made  sick  with 
larval  extract  only.  This  was  successful  in  the  two  cases  tried, 
while  it  was  further  found  to  be  possible  to  transmit  disease  from 
animals  so  treated  to  a  third  horse. 

The  results  obtained  are  stated  by  the  authors  as  follows: 
**By  the  injection  of  a  substance  contained  in  Gastrophilus  larvae 
and  in  flies,  specifically  toxic  for  the  horse  and  to  which  we  have 
given  the  name  of  **Oestrin'',  it  is  possible  to  cause  a  severe  anemia 
in  horses,  which,  jvith  a  febrile  course,  clinically  resembling  an  in- 
fectious disease,  causes  death.  This  artificially  produced  disease 
can  be  conveyed  to  healthy  horses  by  means  of  the  blood,  but  not 
to  other  animals.  The  character  of  the  disease  remains  the  same 
thereby.  Also,  the  disease  caused  by  transmission  causes  death. 
Owing  to  the  fact,  that  the  disease  in  horses  caused  by  Gastrophilus 
extracts,  behaves  itself  in  all  details,  clinical,  hematological,  patho- 
anatomic  and  especially  histologic,  exactly  like  pernicious  anemia  of 
horses.  Owing  to  the  fact  that  also  this  artificially  produced  dis- 
ease can  be  conveyed  to  healthy  horses  by  means  of  the  blood  and 
from  those  again  to  others,  and  owing  to  the  further  fact,  that  in 
all  cases  of  pernicious  anemia  of  horses,  there  are  attached  to  the 
stomach  wall  Gastrophilus  larvae,  the  following  conclusion  is  im- 
perative": 

*  *  The  pernicious  anemia  of  horses  is  not  caused  by  an  ultra  visible 
microorganism,  but  by  a  toxic  substance,  oestrin,  especially  secreted 
by  Gastrophilus  hemorrhoidalis  and  exclusively  specific  for  the  horse. 
As^this  disease  brought  about  by  a  chemical  substance  and  clinically 
making  the  impression  of  an  infectious  disease  is  transmissable  to 
healthy  horses,  there  is  a  reason  for  proposing  a  new  explanation  for 
this  type  of  transmissibility". 

The  Seyderhelms  further  take  pains  to  enumerate  the  reasons, 
why  they  think,  that  microorganisms  play  no  part  in  the  results 
which  they  recorded.  Among  those  reasons,  it  is  interesting  to  note 
the  following  statement:  **If  pathogenic  microorganisms  in  the 
Gastrophilus  larvae  were  the  cause  of  pernicious  anemia,  the  mech- 
anism of  action  would  be  different.  In  connection  with  a  single  in- 
jection, pernicious  anemia  would  develop  after  the  expiration  of  an 
incubation  period.  The  extracts,  however,  act  always  in  direct  con- 
sequence of  the  injection  in  the  sense  of  a  poison  action  and  only 
after  frequent  administrations,  there  develops  gradually  the  clinical 
picture,  which  must  be  identified  as  pernicious  anemia." 

The  question  why  do  only  a  part  of  the  horses  harboring  Gastro- 
phili  contract  pernicious  anemia  is  met  by  the  statement,  that  this 
problem  is  a  general  one.  It  does  not  exclusively  pertain  to  the 
Gastrophilus  larvae,  but  is  seen  in  human  pathology  in  the  case  of 
Bothriocephalus  and  other  parasites,  above  all  in  that  of  pathogenic 
microorganisms.     Why    are    the    latter    found    in    perfectly    healthy 
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persons?  The  individual  disposition  as  parasite  host,  no  doubt 
plays  a  part. 

In  further  support  of  the  authors'  contention  relative  to  the 
part  played  by  Gastrophilus,  they  point  out  the  synchronous  occur- 
rence of  infectious  anemia  with  the  bot  fly  season,  and  the  associa- 
tion of  the  disease  with  pasturing.  The  apparent  lack  of  evidence  of 
transmission  by  contact,  as  well  as  the  part  played  by  Gastrophilus 
hemorrhoidalis  is  also  pointed  out  in  the  article  under  consideration. 

In  regard  to  the  Gastrophilus  hemorrhoidalis  the  Seyderhelms 
state  that  those  specially  toxic  larvae  pupate  in  th6  stable  soil  or 
floor  and  that  the  resulting  flies  deposit  their  eggs  in  the  same  place. 
They  also  say,  that  in  stables  kept  hygienically  and  in  those  where 
thorough  grooming  is  a  feature,  the  disease  does  not  occur. 

In  their  epicritical  considerations,  the  authors  say  this  in  regard 
to  the  agent  which  in  the  transmission  of  disease  from  the  bot  in- 
jected horse  to  a  healthy  one  is  responsible  for  this  fact:  **What 
the  nature  of  this  agent  is  can  at  this  time  not  be  said  with  cer- 
tainty. However,  this  agent  shows  in  the  behavior  of  the  blood 
toward  physical  and  chemical  influences  different  characteristics  as 
those  of  '*oestrin".  Above  all  is  it  thermolabile  ?  It  is  possible 
that  there  is  concerned  an  ultravisibk  disease  producer,  which  is 
encapsulated  in  the  organism  of  the  horse,  or  which  occurs  in  a  dor- 
mant stage  and  which  by  the  oestrin  is  set  free  and  rendered  capable 
of  reproduction.  Or,  it  may  be  an  agent  of  chemical  construction, 
which  oestrin  sets  free  from  certain  tissue  constituents  of  the  horse 
and  which  is  capable  of  acting  upon  healthy  tissues  exactly  like 
oestrin,  that  is  to  set  free  its  equal  from  the  tissue  constituents. 

In  their  third  publication  (6)  the  Seyderhelms  discuss  pernicious 
anemia  of  man  and  its  possible  analogy  with  that  of  horse.  They 
also  briefly  review  the  knowledge  relating  to  the  latter  as  gathered 
from  existing  literature.  Patho-anatomic  and  hematologic  investiga- 
tions are  also  discussed,  while  their  findings  relative  to  the  action  of 
Gastrophilus  extracts  as  published  in  the  article  reviewed  above  are 
also  summarized,  followed  by  a  critical  discussion  of  their  possi- 
bilities in  the  light  of  our  present  day  knowledge  of  the  anemias. 

In  this  third  publication,  therapeutic  experiments  dealing  par- 
ticularly with  trials  to  cure  the  disease  by  eliminating  the  bots  from 
the  stomach  are  related.  The  authors  did  not  expect  success  with 
this  form  of  treatment,  because  the  anemic  horses  probably  had  ab- 
sorbed the  fatal  dose  of  oestrin.  Theoretically,  there  may  be  cases 
of  a  light  degree  in  which  the  elimination  of  the  larvae  may  have 
the  desired  results.  The  Seyderhelms  state  that  of  six  horses  affected 
with  pernicious  anemia  there  were  two,  which  were  m  the  initial 
stages  of  the  disease  and  which  were  cured  by  removing  the  bots. 
The  remaining  four  died  in  spite  of  the  treatment. 

In  regard  to  an  attempt  to  prepare  an  immune  serum  the  authors 
say  that  experiments  to  immunize  horses  against  oestrin  were  futile 
for  a  long  time,  but  that  they  finally  succeeded  to  do  so  under  certain 
modifications.  They  promised  to  describe  the  preparation  of  the 
serum  at  a  later  date.  They  treated  16  horses  affected  with  perni- 
cious anemia  with  this  serum.     They  first  eliminated  the   bots  and 
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then  injected  their  serum,  sometimes  repeating  the  injection.  The 
authors  state  that  of  the  16  horses  so  treated,  nine  made  a  full  re- 
covery. 

Experiments  were  also  made  along  the  line  of  prophylaxis.  Two 
horses  received  infectious  serum  only,  and  two  others  received  in 
addition  to  the  infectious  serum  also  a  dose  of  antiserum. 

In  the  first  trial,  only  the  horse  which  had  not  received  the  anti- 
serum became  sick.  In  the  second  trial  the  diflPecence  was  also 
marked.  The  animal  which  had  also  received  the  antiserum  showed 
transitory  rises  of  temperature  but  no  reduction  of  hemoglobin. 
Further  experiments  of  this  nature  were  held  in  prospect. 

The  experimental  results  reported  by  the  Seyderhelms  cannot 
have  failed  to  arouse  an  interest,  in  any  student  or  observer  of  the 
disease  of  the  horse,  known  as  infectious  anemia  or  swamp-fever  in 
this  country,  even  if  accompanied  by  some  degree  of  doubt.  Not 
because  the  conception  of  an  insect  carrier  playing  a  part  in  trans- 
mission was  either  new  or  unexpected,  but  on  account  of  their  re- 
jection of  a  living  pathogenic  microorganism  as  a  causative  factor 
in  what  has  for  several  years  been  recognized  as  a  communicable 
disease. 

To  say  the  least  the  results  reported  would  not  very  well  be 
accepted  at  their  face  value  without  challenge,  and  accordingly  the 
writers  undertook  certain  experiments  in  order  to  obtain  additional 
light  on  the  new  theory  advanced  by  the  two  Alsacian  investigators. 
Owing  to  the  fact,  that  a  scarcity  of  field  material  had  interrupted 
their  regular  investigations  of  swamp-fever,  they  were  enabled  to 
devote  considerable  more  time  and  material  to  those  experiments  than 
otherwise  would  have  been  the  case. 

In  the  first  place  our  eflforts  were  directed  toward  a  study  of 
the  possible  results  following  the  injection  of  Gastrophilus  material 
into  healthy  horses. 

The  following  notes  extracted  from  our  records  indicate  the  l:e- 
sults  obtained. 

EXPERIMENT  WITH  HORSE  NO.  2612 

This  was  a  healthy  old  horse  purchased  for  experimental  pur- 
poses. Before  injection  the  pulse  rate  was  36  p.  m.,  respiration  18 
p.  m.  and  the  temperature  99°  F.  Bowel  evacuations  and  general 
sensibility  were  normal. 

Ten  Gastrophilus  larvae  of  unidentified  species  were  taken  from 
the  stomach  of  horse  No.  2548,  a  swamp-fever  field  case.  The  ten 
larvae  were  crushed  with  physiologic  salt  solution  and  filtered 
through  loose  cotton.  After  washing  the  filter,  the  suspension  or 
solution  of  hot  material  amounted  to  12  c.  c.  and  this  was  injected 
intravenously  into  horse  No.  2612.  The  injection  was  made  at  9:42 
A.  M.  on  November  21,  1914. 

9:45  A.  M.     Pulse  75  p.  m.     Respiration  45  p.  m.     Temperature  99.8*  F.     Peris- 
talsis and  evacuations  were  normal.    There  was  a  beginning  of  diaphoresis. 
Increase  in  sensibility.     Increase  of  blood  pressure. 
9:50  A.  M.     Pulse  90  p.  m.     Eespirations  52  p.  m.     Temperature  100.1"  F.  Peris- 
talsis became  violent.    Evacuations  were  softer.    There  was  profuse  sweating 
and  the  animal  was  excited. 
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9:55  A.  M.  Pulse  90  p.  m.  Bespirations  45  p.  m.  Temperature  100.1''  F.  Peru- 
talsis  was  less  violent.  The  bowel  discharges  were  liquid.  The  sweating 
was  profuse,  but  the  animal  was  more  quiet  and  the  blood  pressure  was  lower. 

10:00  A.  M.  Pulse  72  p.  m.  Bespirations  38  p.  m.  Temperature  99.8*  F.  Peris- 
talsis was  becoming  less  violent.  Liquid  evacuations.  The  sweating  de- 
creased.   Sensibility  sub-normal.    The  blood  pressure  was  about  normal. 

10:05  A.  M.  Pulse  70  p.  m.  Bespirations  36  p.  m.  Temperature  99.8**  F.  Liquid 
evacuations.  The  sweating  decreased.  The  sensibili^  was  sub-normaL  The 
blood  pressure  was  sub-normaL 

10:10  A.  M.  Pulse  70  p.  m.  Bespirations  30  p.  m.  Temperature  98.6*  F.  No 
peristalsis.  No  evacuations.  No  sweating.  Sensibility  and  blood  pressure 
sub-normaL 

10:15  A.  M.  Pulse  66  p.  m.  Bespirations  23  p.  m.  Temperature  98.4*  F.  No 
peristalsis.  Some  liquid  evacuations.  There  was  no  sweating  and  the  sensi- 
bility and  blood  pressure  were  sub-normaL 

10:30  A.  M.  Pulse  72  p.  m.  Bespirations  16  p.  m.  Temperature  100*  F. 
Watery  evacuations.  Senslt>ility  was  sub-normal.  The  blood  pressure  again 
normal. 

11:00  A.  M.  Pulse  79  p.  m.  Bespirations  13  p.  m.  Temperature  100*  F.  Peris- 
talsis was  slightly  audible.  Semi-solid  evacuations.  No  sweating.  The 
sensibility  sub-normal. 

12:00  M.  Pulse  54  p.  m.  Bespirations  13  p.  m.  Temperature  100*  P.  Semi- 
solid evacuations.    Sensibility  returning. 

1:30  P.  M.  Pulse  40  p.  m.  Bespirations  13  p.  m.  Temperature  100*  P.  There 
were  no  bowel  evacuations.  No  sweating.  Animal  much  brighter.  The 
blood  pressure  was  normal. 

The  evening  temperature  of  the  day  of  injection  was  found  to 
be  103.2°  F.  and  during  the  134  days  which  the  animal  was  permitted 
to  live,  there  were  several  times  when  the  body  temperature  rose  a 
little,  but  it  only  once  came  up  to  102°  F. 

The  autopsy  revealed  a  considerable  degree  of  interstitial  hepa- 
titis, while  the  heart  showed  a  few  sub-endocardial  ecchymoses.  The 
gross  appearance  of  the  other  organs  was  normal.  Neither  anemia, 
nor  albuminuria  were  observed  in  this  case. 

EXPEBIMENTAL  HOBSE  NO.  3294 ' 

This  animal  was  purchased  as  a  suspected  case  of  swamp-fever, 
but  the  diagnosis  remained  very  doubtful.  Nine  larvae  of  Gastro- 
philus  (No.  3401)  of  which  the  species  was  not  definitely  determined 
and  which  were  collected  in  the  vicinity  of  Chicago,  were  crushed 
in  a  mortar  and  macerated  for  48  hours  in  a  physiologic  salt  solution 
at  refrigerator  temperature.  At  the  end  of  this  period,  the  mass 
was  shaken,  filtered,  the  filter  washed  with  more  of  the  salt  solution 
and  the  filtration  repeated. 

On  September  27,  1915,  the  filtrate  was  injected  intravenously 
into  horse  No.  3294,  the  injection  being  completed  at  3:55  P.  M. 
Before  the  injection  the  pulse  was  48  p.  m.,  respirations  11  p.  m., 
temperature  100°  F. 

The  following  observations  were  made  after  the  injection. 

3:58  P.  M.    Defecation. 

4:00  P.  M.  Bespirations  40  p.  m.  Defecation.  Sweating.  Salivation.  Mucous 
discharge  from  nostrils. 

4:02  P.  M.    Pulse  80  p.  m. 

4:05  P.  M.     Bespirations  30  p.  m.,  defecation. 

4:10  P.  M,  Pulse  73  p.  m.  Temperature  99.6*  F.  Long  strings  of  mucus  drip- 
ping from  nostrils.    Profuse  sweating. 
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4:15  P.  M.  Pulse  82  p.  m.  Bespirations  45  p.  m.  Profuse  sweating.  Indi- 
cations of  colicky  pains.  Painful  efforts  to  defecate.  Visible  mucosa 
reddened.    Respirations  short  and  jerky. 

4:25  P.  M.  Pulse  82  p.  m.  Bespirations  40  p.  m.  Temperature  99.4"  F.  Mus- 
cular weakness. 

4:30  P.  M.     Bespirations  38  p.  m.     Sweating  less  profuse. 

4:45  P.  M.     Pulse  70  p.  m.     Bespirations  25  p.  m.     Temperature  99.8*  P. 

4:52  P.  M.    Defecation,  copious,  followed  by  bloody  mucus. 

5:00  P.  M.     Pulse  64  p.  m.     Bespirations  18  p.  m.     Mucosa  pale. 

5:30  P.  M.  Pulse  62  p.  m.  Bespirations  16  p.  m.  Defecation,  followed  by 
small  quantity  of  bloody  mucus.  Cessation  of  sweating  and  of  nasal  dis- 
charge. 

5:55  P.  M.    Defecation. 

6:00  P.  M.     Pulse    62    p.    m.       Bespirations    16    p.    m.       Temperature    99.8"    F. 

On  the  following  morning  the  animal  showed  depression,  a  pulse 
rate  of  75  p.  m.  the  latter  continuing  high  during  the  day.  The  sub- 
ject expired  at  5  P.  M. 

The  autopsy  revealed  a  hemorrhagic  condition  of  the  mucosa  of 
the  large  intestines,  while  the  mesocolon  presented  several  hemor- 
rhagic areas.  Several  large  hemorrhagic  infarcts  were  observed  in 
the  cortices  of  the  kidneys.  The  epicardium,  especially  near  the  base 
of  the  heart  showed  many  petechial  hemorrhages.  There  was  an 
intense  hemorrhagic  condition  of  the  endocardium.  The  mucous 
membrane  of  the  bladder  showed  some  slight  hemorrhagic  areas. 

EXPEBIMENTAL  HOBSE  NO.  3403 

This  healthy  subject  was  subcutaneously  injected  with  an  ex- 
tract prepared  from  four  and  a  half  Gastrophilus  larvae  (No.  3401) 
which  were  collected  near  Chicago.  The  larvae  were  crushed  in  a 
mortar,  macerated  for  48  hours  in  a  physiologic  salt  solution  at 
refrigerator  temperature.  At  the  conclusion  of  this  period  the  mass 
was  shaken  in  a  mechanical  shaker,  filtered,  and  after  washing  the 
filter  with  more  physiologic  salt  solution,  filtered  a  second  time. 

Before  the  injection,  the  horse  showed  normaL  health.  The  pulse 
rate  was  44  p.  m.  Respirations  16  p.  m.  Temperature  100.2°  P. 
The  injection  was  completed  at  4  P.  M.,  September  27,  1915  and  the 
following  results  were  noted: 

4:20  P.  M.  Pulse   60  p.  m.     Bespirations  24  p.   m.     Temperature   100*   F.     The 

subject  became  restless  and  began  to  sweat. 

4:25  P.  M.  Bespirations  32  p.  m.     Facial    features  distorted  from  time  to  time. 

The  sweat  commenced  to  drip  from  the  animal. 

4:33  P.  M.  Bespirations  44  p.  m. 

4:35  P.  M.  Sweat  dripping  profusely.     Mucosa  congested. 

4:40  P.  M.  Bespirations  38  p.  m.     Temperature  100.2*  F. 

4:45  P.  M.  Bespirations  40  p.  m. 

4:55  P.  M.  The  pulse  was  too  weak  to  be  counted. 

5:05  P.  M.  Pulse  45  p.  m.     Mucosa  pale. 

5:09  P.  M.  Bespirations  40  p.  m. 

5:15  P.  M.  The  subject  showed  muscular  weakness. 

5:25  P.  M.  Bespirations  36  p.  m. 

5:30  P.  M.  Animal  more  restful. 

6:00  P.  M.  Pulse  50  p.  m.     Bespirations  35  p.  m.     Temperature  99.8*  F. 

Between  4  and  6  P.  M.  not  less  than  14  bowel  evacuations  were 
noted.  On  the  morning  following  the  day  of  injection,  the  pulse  rate 
was  45  p.  m.,  the  subject  was  very  weak  and  restless  but  showed  some 
indications  of  recuperation.  After  another  day,  the  appetite  failed 
and  did  not  return.     The  subject  lived  for  8  days  after  the  injection 
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and  during  that  time  showed  a  temperature  ranging  between  99.8°  F. 
and  103°  P. 

A  blood  count  made  just  previous  to  death  showed  10,215,000 
erythrocytes  and  95%  hemoglobin.  The  autopsy  revealed  a  marked 
enteritis  and  fibrinous  peritonitis,  gastritis,  especially  near  the  py- 
lorus. A  marked  acute  nephritis  was  present  and  the  urine  found 
in  the  bladder,  post  morten,  contained  an  abundance  of  albumen. 

EXPERIMENTAL  HORSE  NO.  3422 

An  extract  from  one  larva  of  Gastrophilus  equi  (No.  3427)  was 
prepared  in  the  usual  manner  and  this  was  given  by  subcutaneous 
injection  to  experimental  horse  No.  3422,  ^vhich  before  the  injection 
showed  a  pulse  of  40  p.  m.  Respirations  15  p.  m.  and  a  temperature 
of  99.8°  F.  The  injection  was  made  November  1,  1915  at  3:25  P.  M. 
and  resulted  in  the  following  reactions: 

3:40  p.  M.  Pulse  42  p.  m.     Respirations  16  p.  m. 

3:45  P.  M.  Flatus,  slight  colicky  pains. 

3:50  P.  M.  Increased  peristalsis.     Defecation. 

4:00  P.  M.  Pulse  42  p.  m.     Respirations  20  p.  m.     Temperature  100.3*  F. 

4:15  P.  M.  Pulse  40  p.  m.     Respirations  28  p.  m. 

4:40  P.  M.  Pulse  44  p.  m.     Respirations  21  p.  m.     Temperature  100.4*  F. 

4:53  P.  M.  Flatus.     Defecation. 

5:03  P.  M.  Flatus. 

5:30  P.  M.  Pulse  42  p.  m.     Respirations  20  p.  m.     Temperature  100.8'  F. 

This  animal  was  kept  under  observation  until  July  10,  1916  and 
no  notable  changes  were  observed,  with  the  exception  of  the  follow- 
ing temperature  increases: 

December   7,    1915 102.8*  F. 

April  6.  1916 101.*  F. 

Mav   17,    1916 101.*  F. 

July  2,  1916 101.*  F. 

July  3,  1916 101.*  F. 

The  subject  was  killed  July  10,  1916,  the  autopsy  revealing  num- 
erous sub-endocardial  ecchymoses  as  the  only  gross  lesion  to  be  found. 

EXPERIMENTAL  HORSES  NOS.   3423   and  3429 

Fifteen  larvae  of  Gastrophilus  of  undetermined  species  were 
crushed  and  macerated  for  48  hours  in  distilled  water,  while  in  the 
ice-chest.  The  resulting  mixture,  after  the  addition  of  some  more 
distilled  water  was  filtered  through  a  Berkefeldt  filter.  The  filtrate 
was  placed  in  a  dialyzer  for  8  days.  After  that  time  both  dialysate 
as  well  as  non-dialysate  were  dried  at  room  temperature,  the  drying 
process  being  hastened  by  means  of  an  electric  fan. 

On  November  18,  1915,  the  dried  dialysate  was  suspended  in  a 
physiologic  salt  solution  and  the  resulting  suspension  injected  in- 
travenously into  the  experimental  horse  No.  3423.  As  a  result  the 
usual  marked  evidence  previously  seen  after  injections  of  Gastro- 
philus materials  were  observed.  There  were  muscular  tremors, 
rapid  respiration,  great  depression  and  profuse  sweating. 

Before  placing  the  filtrate  prepared  from  the  15  Gastrophilus 
larvae  in  the  dialyser,  a  small  portion  of  it  was  precipitated  with 
957t  alcohol.  After  the  precipitation  the  alcohol  was  filtered  off, 
the  filter  again  washed  with  alcohol  and  the  filtrate  evaporated  at 
room  temperature. 
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On  November  8,  1915  the  evaporated  alcoholic  extract  was  sus- 
pended in  a  physiologic  salt  solution  and  injected  into  experimental 
horse  No.  3429.     This  injection  was  followed  by  a  typical  reaction. 

The   non-dialysate   was   likewise   suspended   in   physiologic   salt 

solution  and  injected  intravenously  in  experimental  horse  No.  3429 

on  November  18,  1915.      This  injection  was  also  followed  by  a  well 

'  marked  reaction,  which,  however,  began  to  disappear  after  some  15 

minutes. 

Ninety  small  Gastrophilus  larvae  of  undetermined  species  were 
crushed  in  a  mortar,  macerated  in  distilled  water  for  48  hours  at 
refrigerator  temperature.  After  adding  some  more  distilled  water, 
the  material  was  filtered  through  a  Berkefeldt  filter  and  dialysed  foi 
8  days,  while  in  the  ice-chest.  Both  dialysate  and  non-dialysate  were 
rapidly  dried  at  room  temperature. 

The  dried  dialysate,  suspended  in  a  physiologic  salt  solution  was 
injected  intravenously  into  experimental  horse  No.  3423  on  Novembei 
24,  1915.  As  a  result  the  subject  showed  a  marked  reaction  within 
2  minutes  after  the  injection.  The  respiratory  frequency  increased, 
there  was  marked  diaphoresis  and  defecation. 

The  animal  died  40  minutes  after  the  injection.  The  post  mor- 
tem examination  showed  the  heart  to  be  filled  with  a  dark  liquid 
blood.  There  were  ecchymoses  in  the  endocardium,  while  the  myo- 
cardium had  a  very  dark  color.  The  lungs  were  poorly  contracted. 
They  were  distended  and  congested.  The  liver  was  also  engorged 
with  a  liquid  dark  blood.  The  spleen,  weighing  5  pounds,  was  dark 
in  color,  but  apparently  normal  in  texture.  The  intestines  showed 
sub-peritoneal  ecchymoses,  especially  marked  near  the  lymphnodes 
of  the  colon.  At  places  there  were  real  hemorrhages  in  the  intestinal 
walls.     The  stomach  showed  a  severe  gastritis  of  the  pyloric  portion. 

The  dried  nondialysate,  was  likewise  suspended  in  a  quantity 
of  physiologic  salt  solution  and  given  to  experimental  horse  No.  3429 
by  intravenous  injection  on  November  24,  1915.  This  injection  was 
not  followed  by  any  reaction. 

EXPERIMENTAL  HORSES  NOS.  3454  and  3455. 

Twenty  larvae  of  an  undefined  Gastrophilus  species,  were  crushed 
in  a  mortar,  dried  at  room  temperature  and  for  10  days  extracted 
with  absolute  alcohol.  Half  of  the  resulting  extract  was  dried  at 
room  temperature,  suspended  in  a  quantity  of  physiologic  salt  solu- 
tion and  injected  into  horse  No.  3454  on  December  10,  1915.  The 
injection  was  not  followed  by  any  results. 

Twenty  larvae  of  an  undefined  Gastrophilus  species,  were  crushed 
in  a  mortar,  dried  at  room  temperature  and  for  10  days  extracted 
with  acetone.  Half  of  the  resulting  extract  was  dried  at  room  tem- 
p^rature,  suspended  in  some  physiologic  salt  solution  and  injected 
into  horse  No.  3455  on  December  10,  1915.  This  injection  was  not 
followed  by  any  perceptible  results. 

EXPERIMENTS  WITH  HORSES  NOS.  3429  and  3452 

A  consignment  of  90  Gastrophilus  larvae  (No.  3444),  received 
from  Chicago,  was  divided  into  two  lots,  crushed  in  a  mortar,  and 
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macerated  for  72  hours,  in  physiologic  salt  solution  at  refrigerator 
temperature.  The  resulting  extracts  were  passed  through  a 
Berkefeldt  filter,  and  one  of  them  exposed  to  sterilizer  heat  (99°C.) 
for  one  hour,  after  which  the  precipitate  formed  was  removed  by 
ordinary  filtration. 

Samples  of  both  lots  were  then  subjected  to  protein  tests  with 
the  following  results: 


Reagent 

Raw  extract 

Boiled  extract 

Biuret 

pos.  red-violet 

neg. 

Xanthoprotoin 

Na  yellow 
NHs  orange 

neg. 

Millon  's 

pos. 

neg. 

Sulphur 

neg. 

neg. 

Moliscli 

pos. 

pos. 

,               Adamkiewicz 

neg. 

neg. 

Liebermann 

neg. 

neg. 

On  December  1,  1915,  an  intravenous  injection  of  30  c.  c.  of  the 
raw  extract  was  made  into  horse  No.  3429.  Six  minutes  after  the 
completion  of  the  injection,  the  subject  showed  a  marked  depression 
with  increased  respiration.  There  was  noted  an  increased  peristalsis, 
resulting  in  four  bowel  evacuations.  There  was  no  sweating  and  12 
minutes  after  the  injection,  the  horse  was  again  in  a  normal  condition. 

The  boiled  extract  of  the  45  larvae  was  injected  intravenously 
into  horse  No.  3452  on  December  9,  1915.  This  resulted  in  a  few 
minutes  of  labored  breathing. 

The  remainder  of  the  raw  extract  was  also  injected  in  a  similar 
manner  into  horse  No.  3452  on  December  10,  1915,  with  apparently 
the  same  results  as  those  following  the  injection  of  the  previous  day. 
P^robably  horse  No.  3452  did  not  have  the  same  degree  of  sensitive- 
ness to  Qastrophilus  material  as  shown  by  other  horses. 

EXPERIMENTS  WITH  HORSE  NO.  3455 

Twenty  larvae,  ranging  in  size  from  half  to  complete  larval  de- 
velopment and  collected  from  the  stomach  of  horse  No.  3454  were 
crushed,  thoroughly  macerated  in  sterile  water  and  placed  in  a 
series  of  carefully  tested  collodion  sacks  suspended  in  sterile  dis- 
tilled water.  The  dialysation  was  continued  for  4  days  at  ice-chest 
temperature.  The  total  dialysate  represented  500  c.  c.  and  to  this 
enough  sodium  chloride  was  added  to  render  the  solution  isotonic 
to  a  .85%  physiologic  salt  solution. 

On  March  25,  1916,  this  500  c.  c.  dialysate  was  injected  intra- 
venously into  experimental  horse  No.  3455,  the  injection  requiring 
about  8  minutes.     The  following  observations  were  recorded: 

.  When  about  100  c.  c.  were  injected  the  animal  showed  muscular  tremors  in 
the  regions  of  both  flanks,  which  soon  were  extended  over  almost  the  entire  vol- 
untary musculature.  Simultaneously  there  was  a  marked  decline  in  the  arterial 
tension.  Five  minutes  after  the  beginning  of  the  injection  the  animal  defecated 
copiously.    Diaphoresis,  first  visible  about  the  eyes  and  the  nostrils,  soon  spread 


162  BULLETIN    125 


over  the  entire  skin  and  became  very  profuse.  Mucus  dripped  from  the  nares 
in  clumps. 

Frequent  bowel  evacuations  continued  at  about  12  minute  intervals.  The 
fecal  material  was  solid  at  first,  but  changed  later  to  a  semi-liquid  mush. 

After  about  30  minutes  the  blood  pressure  rose  slightly  and  the  animal's 
condition  began  to  improve,  although  a  depressed  condition  persisted  for  several 
hours.    Seven  hours  after  the  injection  the  pulse  rate  was  still  66  p.  m. 

On  March  26,  1916,  the  pulse  60  p.  m.  was  very  weak,  the  respirations  were 
markedly  increased.  The  subject  was  depressed  and  there  was  no  appetite.  On 
the  following  day  the  pulse  rate  was  still  60  p.  m.  and  the  general  depression 
was  more  marked,  while  the  appetite  was  still  in  default. 

On  March  28,  1916,  the  subject  was  recumbent  and  unable  to  rise.  Its 
helpless  condition  required  that  the  animal  be  destroyed. 

Among  the  conditions  revealed  by  autopsy,  we  note  the  follow- 
ing: The  liver  was  very  friable  and  showed  a  marked  fatty  de- 
generation. The  spleen  showed  numerous  diffuse  hemorrhages 
throughout  the  parenchyma.  The  heart  presented  a  few  sub-endo- 
eardial  ecchymoses.  The  kidneys  were  friable  and  showed  some  ev- 
idence of  nephritis.  The  gastric  mucosa  was  marked  by  a  number 
of  dollar  sized  hemorrhagic  areas.  The  large  and  small  intestines 
presented  diffused  subserous  and  muscular  hemorrhages:  Urine 
collected  post-mortem  contained  albumen. 

EXPEEIMENT  WITH  HOBSE  NO.  3455 

On  April  14,  1916,  this  horse  was  given  an  intravenous  injection 
of  150  c.  c.  of  non-dialysable  Gastrophilus  extract  prepared  as  fol- 
lows: Twenty  large  larvae  were  thoroughly  macerated  in  distilled 
water  and  placed  in  carefully  tested  collodion  sacks,  suspended  in 
distilled  water.  Dialysis  was  continued  for  3  weeks,  during  which 
the  water  surrounding  the  sacks  was  changed  3  times.  The  non- 
dialysate  was  passed  through  a  Berkefeldt  filter  and  sufficient  sodium 
chloride  was  added  to  render  the  solution  isotonic  to  an  .85%  physi- 
ologic salt  solution.  This  material  was  injected  as  stated  above 
with  the  following  results: 

10:^  A.  M.     Injection  commenced,  completed  in  2  minutes. 

10:29  A.  M.  At  the  termination  of  the  injection  the  pulse  increased  from  44 
p.  m.  to  55  p.  m. 

10:31  A.  M.  Muscular  tremors  in  region  of  flanks.  The  subject  became  very 
restless. 

10:33  A.  M.  The  pulse  was  very  weak,  but  could  not  be  counted  owing  to  great 
restlessness  of  the  subject. 

10:37  A.  M.  Subject  very  restless,  walked  continuously  and  sneezed  per- 
sistently. 

10:39  A.  M.  Pulse  72  p.  m.  and  very  weak.  Bowel  evacuations.  Sweating 
began  about  nose,  back  of  ears  and  on  the  sheath. 

10:42  A.  M.     General  diaphoresis.     Pulse  90  p.  m.  and  almost  imperceptible. 

10:45  A.  M.     Sweat   dripping   from   pendant   portions.     Excessive    lachrymation. 

10:50  A.  M.     Pulse  84  p.  m.  and  somewhat  stronger. 

All  the  phenomena  recorded  above  were  apparently  receding. 
During  the  remaining  portion  of  the  day,  the  animal  appeared  listless, 
greatly  depressed  and  during  the  night  following  became  recumbent 
and  not  being  able  to  rise,  it  was  killed  by  bleeding. 

The  following  changes  were  noted  at  the  autopsy.  The  mucosa 
of  the  urinary  bladder  was  diffusely  hemorrhagic  for  about  one-half 
of  its  entire  area.  The  kidneys  were  very  friable  and  nephritis  was 
apparent.     The    spleen    showed    numerous   sub-capsular    ecchymoses. 
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The  liver  was  apparently  involved  in  a  fatty  degeneration.  The 
lungs  were  slightly  congested.  The  heart  was  very  soft,  flabby  and 
showed  diffuse  sub-endoeardial  hemorrhages,  especially  in  the  left 
ventricle.  Both  small  and  large  intestines,  showed  throughout  a 
marked  congestion  in  both  mucosa  and  muscularis.  The  viscereal 
lymphnodes  showed  slight  engorgement  with  the  exception  of  the 
gastric  and  splenic  groups  which  were  apparently  becoming  diffusely 
iieinorrhagic.  The  peritoneum  was  markedly  congested  throughout. 
Urine  collected  post  mortem  contained  albumen  as  well  as  hemo- 
globin. 

EXPERIMENT  WITH  HORSE  NO.  3584 

On  May  1,  1916,  25  larvae  of  Oastrophilus,  removed  from  the 
stomach  of  horse  No.  3455  were  thoroughly  crushed  and  macerated 
in  about  150  c.  c.  of  distilled  water,  placed  in  collodion  sacks  and 
dialysed  in  running  tap  water  for  1  week,  the  temperature  of  the 
water  ranging  between  12  and  16°  C. 

On  May  8,  1916,  the  material  remaining  in  the  dialyser  was 
passed  through  a  Berkefeldt  filter  and  suflBcient  sodium  chloride  was 
added  to  render  the  solution  isotonic  to  a  .85%  solution.  This  solu- 
tion was  injected  intravenously  into  horse  No.  3584  with  the  follow- 
ing results: 

Before  injection.    Pulse  36  p.  m.,  strong  and  fuU.     Respiration  10  p.  m. 

4:50  P.  M.    Intravenous  injection  of  150  c.  c.  non-dialysed  filtered  bot  extract. 

4:55  P.  M.     Defecation.     Excreta  liquid  mixed  with  peUets. 

4:58  P.  M.     Diaphoresis  appearing  in  region  of  thighs. 

5:00  P.  M.     Defecation.     Watery  substance.     Violent  peristalsis.     Slight  colicky 
pains. 

5:02  P.  M.     Pulse  70  p.  m.,  very     weak,  irregular.     Respiration  15  p.  m.     Dia- 
phoresis general  but  not  profuse. 

5:05  P.  M.     Abundant  watery  bowel  evacuations.     Pulse  70  p.  m.     Weak. 

5:10  P.  M.     Pulse    75   p.    m.,    very   weak,    irregular.     Sweating    increasing,    few 
drippings  from  pendant  portions.    Fecal  discharge,  profuse  and  watery. 

5:15  P.  M.     Pulse  63  p.  m.,  weak,  sweating  decreasing. 

5:25  P.  M.     Pulse  60  p.  m.,  weak.     Respiration  12  p.  m.      Diaphoresis  has  ceased. 

5:30  P.  M.     Recumbent. 

On  May  9,  1916.  ^ 

8:00  A.  M.     Temperature  lB.4'  F.     Pulse  64  p.  m.  and  weak.     Slight  appetite. 

6:00  P.  M.     Temperature   104,5'   F.     Pulse   72   p.  m.   and      weak.     No   appetite. 
On  May  10,  1916 

8:00  A.  M.    Temperature   99.4"   F.     Pulse   50   p.   m.     Recumbent   and  unable   to 
rise.    Destroyed  by  gun-shot. 

At  the  autopsy  the  heart  showed  a  few  sub-endoeardial  petechiae 
and  ecehymoses.  One  of  the  lungs  was  hemorrhagieally  suffused 
probably  owing  to  stasis.  The  large  and  small  intestines  showed 
numerous  sub-serous  and  intramuscular  hemorrhages  ranging  in  size 
from  that  of  a  small  pin  point  to  that  of  a  pea,  the  mucosa  was 
dotted  with  numerous  petechiae. 

EXPERIMENT  WITH  HORSE  NO.  3615 

On  July  14,  1916,  this  horse  was  given  a  physiologic  salt  solu- 
tion extract  of  30  larvae  of  undetermined  Gastrophilus  species  (No. 
3635)  prepared  in  the  usual  manner.  The  intravenous  injection  was 
completed  at  11:15  A.   M.     The  following  observations  were  made: 

11:17  A.  M.     Slight  muscular  tremors. 

11:20  A.  M.     Rapid  breathing,  weakened  pulse. 
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11:23  A.  M.    Marked  diaphoresis. 

11:30  A.  M.    The  usual  symptoms,   following  bot   material   injections   were   all 

well  marked. 
12:00  M.    The  disturbance  was  less  marked,  but  the  pulse  was  weak  and  the 

breathing  rapid. 
6:00  P.  M.    In  apparent  normal  condition ,  appetite  good,  but  the  temperature 

rose  to  102.4*  F. 

The  animal  continued  in  good  health. 

On  July  22,  1916,  th€  subject  was- given  by  means  of  the  stom- 
ach tube,  tJhe  extract  of  92  larvae  of  Gastrophilus  equi  (No.  3640) 
without  this  resulting  in  any  visible  reaction. 

On  August  17,  1916,  the  subject  was  given  an  intravenous  injec- 
tion of  50  c.  c.  of  a  distillate  prepared  from  15  larvae  of  Gastro- 
philus hemorrhoidalis  by  Dr.  Maurice  Dolt,  without  any  reaction 
following. 

On  August  18,  1916,  this  animal  received  an  intravenous  injection 
of  75  c.  c.  of  th€  filtered  residue  of  the  material  from  which  the 
distillate,  used  on  the  previous  day  was  prepared.  No  reaction 
could  be  observed. 

This  subject  was  kept  under  daily  clinical  observation  until 
October  6,  1916,  wh^n  it  was  used  for  anatomy  purposes.  During 
that  time  the  only  febrile  period  observed,  was  that  during  the  2 
days  following  the  injection  of  July  14,  1916. 

EXPERIMENT  WITH  HOESE  NO.  3616 

Thirty  larvae  of  Gastrophilus  (No.  3635),  species  not  determined, 
were  crushed  and  macerated  for  16  hours  in  physiologic  salt  solution 
at  refrigerator  temperature.  The  extract  was  exposed  to  sterilizing 
heat  (99°C.)  for  1  hour  and  subsequently  filtered.  The  clear  fil- 
trate (75  c.  c.)  was  injected  intravenously  into  experimental  horse  No. 
3616  at  10:50  A.  M.  on  July  14,  1916  with  the  following  results: 

11:00  A.  M.  Profuse  sweating.  Salivation,  lachrymation,  nasal  mucous  dis- 
charge, defecation,  and  violent  abdominal  straining.  The  foregoing  ^e- 
nomena  apparently  increased  in  intensity  until 

11:25  A.  M.  when  the  breathing  became  labored,  the  subject  fell  down  and  soon 
showed  tetanic  convulsions.  ^ 

11:32  A.  M.     Bespiratory  failure. 

11:35  A.  M.    Dead. 

At  the  autopsy,  all  organs  showed  intense  congestion  and  in 
some  instances  hemorrhagic  suffusions.  All  mucosae  and  serosae 
w€re  markedly  engorged.  Gastritis  and  endocarditis  were  especially 
marked.     The  urine  collected  post  mortem  contained  no  albumen. 

EXPERIMENT  WITH  HOESE  NO.  3626 

Thirty  larvae  of  Gastrophilus  (No.  3635),  of  undetermined 
species  were  extracted  for  16  hours  in  a  physiologic  salt  solution,  in 
the  refrigerator,  after  having  been  crushed  in  the  usual  manner. 
The  extract  was  exposed  to  sterilizing  heat  (99°  C.)  for  1  hour.  The 
precipitate  formed  by  the  heating,  was  collected  by  centrifugation 
and  filtration,  washed  in  three  changes  of  sterile  physiologic  salt 
solution  and  injected  into  experimental  horse  No.  3626,  while  mixed 
with  75  c.  c.  of  physiologic  salt  solution.  The  injection  was  made 
at  11  A.  M.  on  July  14,  1916. 
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The  following  reaction  developed  rather  slowly: 

11;  15  A.  M.     Slight  sweating,  increased  respiration,  the  subject  becoming  restless. 

11:18  A.  M.  Marked  diaphoresis.  All  tlie  usual  phenomena  following  Gastro- 
philus  injections  were  increasing  in  intensity. 

11:20  A.  M.  Subject  laid  down  and  was  apparently  very  sick.  Bemained  re- 
cumbent until 

1:25  P.  M.  when  it  arose,  rather  weak,  showing  rapid  pulse  and  continuing  in 
a  restless  state. 

6:00  P.  M.     Apparently  normal  with  the  exception  of  a  temperature  of  104*  F. 

^    After  this  the  animal  remained  normal. 

On  July  22,  1916,  this  animal  was  given  into  the  stomach  an 
extract  prepared  in  the  usual  manner  from  135  larvae  of  Gastrophilus 
nasalis  (No.  3639).     No  appreciable  reaction  followed. 

On  August  17,  1916,  the  subject  received  intravenously  50  c.  c.  of 
a  saturated  solution  of  phosphine,  prepared  by  Dr.  Maurice  Dolt. 
No  reaction  followed. 

On  August  18,  1916,  the  subject  received  intravenously  75  c.  c. 

of  an  extract  prepared  from  15  larvae  of  Gastrophilus  nasalis   (No. 

3667)  in  the  usual  manner.     The  injection  was  made  at  10:45  A.  M. 

and  led  to  the  following  results : 

10:48  A.  M.  Defecation.     Subject  very  restless  and  colicky. 

10:50  A.  M.  Profuse   sweating.     Animal   shows  intense   abdominal  pain. 

10:.52  A.  M.  Subject  fell  to  the  floor.     Cardiac  failure  and  dyspnea. 

11:08  A.  M.  Dead. 

The  postmortem  examination  showed  the  kidneys  to  be  engorged. 
The  spleen  was  marked  by  numerous  subcapsular  hemorrhages.  The 
lungs  were  highly  inflated  and  slightly  congested.  The  heart  pre- 
sented very  marked  sub-endocardial  hemorrhages.  Gastritis  was 
very  intense.  A  pronounced  congestion  was  observed  in  the  in- 
testines. 

EXPEBIMENT  WITH  HOESE  NO.  3636 

On  July  22,  1916,  this  animal  was  given  by  means  of  the  stomach 
tube  a  physiologic  salt  solution  extract  of  39  larvae  of  Qastrophilus 
hemorrhoidalis.  (No.  3641)  the  injection  being  completed  at  8:50 
A.  M. 

9:10  A.  M.     Slight  tremors  of  the  facial  muscles. 

9:20  A.  M.     Slight  increase  of  tremors.    Very  slight  lachrymation. 

From  time  to  time  the  subject  passed  small  quantities  of  flatus: 
peristalsis  inci:eased  to  low  rumblings  and  the  animal  acted  as  if 
about  to  defecate.  Nothing  further  was  noticed  up  to  11:30  A.  M. 
after  which  the  animal  was  watched  no  further. 

During  the  6  weeks  between  the  time  of  injection  and  that  when 
the  subject  was  killed,  no  temperature  reaction  took  place.  The 
autopsy  revealed  nothing  that  could  be  associated  with  the  experi- 
ment. 

EXPEBIMENT  WITH.  HOESE  NO.  3657 

On  August  16,  1916,  this  subject  received  a  subcutaneous  injec- 
tion of  55  c.  c.  of  an  extract  prepared  in  the  usual  manner  from  10 
larvae  of  Gastrophilus  nasalis  (3667)  and  sterilized  for  1  hour  in 
the  steam  sterilizer. 

At  the  time  of  injection  4:05  P.  M.  the  pulse  rate  was  52  p.  m. 
and  its  character  rather  weak. 
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4:15  P.  M.  Slight  lachiymation,  expectoration  and  defecation,  the  latter  prob- 
ably representing  a  normal  evacuation. 

4:25  P.  M.  Slight  sweating  and  twitching  of  facial  pectoral  and  abdominal 
muscles. 

4:40  P.  M.  The  subject  became  restless.  Diaphoresis  somewhat  increased.  Pulse 
58  p.  m.  and  slightly  weaker. 

5:00  P.  M.  Sweating  more  marked.  A  second  evacuation  from  the  bowels. 
This  time  the  feces  had  a  semi-liquid  consistency.  Animal  appeared  more 
restless. 

5:15  P.  M.     Another  liquid  bowel  evacuation.     Sweat  beginning  to  drip. 

5:35  P.  M.  All  reactions  gradually  increasing,  perspiration  becoming  marked. 
Sweat  dripping  in  moderate  quantities  from  pendant  portions. 

5:55  P.  M.    Pulse  weaker. 

6:06  P.  M.     All  other  conditions  about  the  same  as  already  mentioned. 

When  the  animal  was  again  observed  some  14  hours  later,  it 
presented  apparently  a  normal  condition. 

During  the  2  months  the  animal  was  under  observation  there 
was  a  temperature  rise  to  101.5®  F.  on  August  28,  1916,  one  to  102° 
P.  on  September  28,  1916  and  another  one  on  September  29,  1916, 
when  the  temperature  rose  to  102.3°  F. 

The  autopsy  of  this  animal  revealed  nothing  of  a  striking  char- 
.  acter.      The  urine  was  normal. 

EXPERIMENT  WITH  HORSE  NO.  3663. 

Twenty-four  larvae  of  Gastrophilus  equi  (No.  3681)  were  placed 
in  physiologic  salt  solution  and  kept  at  a  temperature  of  37.5°  C.  for 
24  hours.  The  fluid  was  then  poured  off,  filtered  and  placed  in  the 
refrigerator.  This  was  repeated  every  24  hours,  until,  what  we  as- 
sumed to  be  the  total  excretions  of  the  larvae  for  72  hours  had  been 
gathered. 

The  mixture  thus  secured  was  given  by  intravenous  injection  to 

horse  No.  3663  at  3 :20  P.  M.  on  August  26,  1916,  with  the  following 

results  : 

3:25  P.  M.     Subject  becoming  restless. 

3:28  P.  M.     Pulse   faster.     Slight    sweating    about    sca'pular   regions. 

3:30  P.  M.    Defecation. 

3:35  P.  M.     Beginning  of  urticaria.     Muscular  tremors  made  their  appearance. 

3:40  P.  M.     Muscular   tremors   general   and   pronounced.     Pulse,    very   weak,    85 

p.  m.     Urticaria  very  marked. 
3:50  P.  M.    Semi-liquid  bowel  evacuations. 
4:00  P.  M.     Pulse  almost  imperceptible,   96  p.  m. 
4:30  P.  M.     Pulse  somewhat  stronger,  85  p.  m.     During  the  preceding  10  minutes 

there  were  three  watery  bowel  evacuations. 

BEMABKS.  The  usual  excessive  diaphoresis,  lachrymation  and  expectorant 
actions  were  almost,  wholly  absent  in  this  case.  However,  the  effect  upon 
muscular  tissues  was  very  marked.  In  the  regions  where  the  skin  lies  in  folds 
it  was  drawn  tightly  in  marked  corrugations,  the  paniculus,  evidently  being 
strongly  affected.  Urticaria  was  very  pronounced  and  continued  during  the 
time  of  observation. 

As  the  subject  was  suffering  from  a  very  painful  arthritis  it 
was  killed  on  September  13,  1916^  without  having  shown  any  febrile 
reaction. 

The  autopsy  revealed  nothing,  which  could  be  associated  with 
the  experiment. 

EXPERIMENT  WITH  HORSE  NO.  3678 

.  On  August  28,  1916,  the  extract  of  18  larvae  of  Gastrophilus  equi 
(No.  3681)  prepared  in  the  usual  manner,  was  given  by  intravenous 
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injection  to  horse  No.  3678,  while  the  latter  was  under  chloroform 
anaesthesia,  for  the  purpose  of  securing  a  kymograph  tracing  of  the 
blood  pressure  and  heart  action.  This  was  accomplished.  (See 
Graph  No.  I.) 

The  subject  succumbed  to  the  injection  within  40  minutes.  The 
autopsy  disclosed  marked  subendocardial  hemorrhages  while  a  very 
marked  gastritis  was  observed.  All  lymphnodes  were  more  or  less 
hyperemic. 

EXPERIMENT  WITH  HORSE  NO.  3655 

On  August  23,  1916,  this  subject,  while  under  chloroform  anaes- 
thesia, was  given  75  c.  c,  of  a  physiologic  salt  solution  extract  of  20 
larvae  of  Gastrophilus  nasalis.  The  usual  diaphoresis  was  noted, 
while  the  effects  on  the  circulation  were  recorded  by  a  kymograph 
blood  pressure  tracing.  (See  Graph  No.  II.)  The  injection  resulted 
in  death. 

The  post  mortem  examination  revealed  a  few  sub-capsular  hem- 
orrhages of  the  spleen.  The  heart  was  marked  by  a  few  sub-endo- 
cardial  petechiae  and  ecchymoses.  There  was  a  marked  gastritis, 
the  mucosa  showing  a  few  ulcers.     The  urine  contained  albumen. 

EXPERIMENT  WITH  HORSE  NO.  3625 

This  horse,  after  having  served  for  some  months,  in  another  ex- 
periment was  anaesthetized  with  chloroform  on  November  7,  1916, 
and  while  under  the  narcotic,  was  given  an  intravenous  injection 
of  a  physiologic  salt  solution  extract  prepared  in  the  usual  manner 
from  20  larvae  of  Gastrophilus  equi  (No.  3755).  The  circulatory 
reaction  was  recorded  by  kymograph.     (See  Graph  No.  III.) 

After  the  injection  was  completed  the  animal  collapsed  rapidly 
and  died  in  17  minutes  after  having  shown  the  usual  reactions  seen 
after  such  injections  so  far  as  they  were  not  masked  by  the  narcosis. 

The  most  notable  features  recorded  at  the  autopsy  were  conges- 
tion of  the  kidneys,  a  high  degree  of  inflammation  of  the  lungs  and 
engorgement  of  the  gastric  mucosa. 

EXPERIMENT  WITH  HORSE  NO.  3747 

On  December  29,  1916,  while  this  subject  was  under  chloroform 
anaesthesia,  it  received  by  intravenous  injection  an  extract  prepared 
in  the  usual  manner  from  18  larvae  of  Gastrophilus  nasalis,  in  order 
to  obtain  a  kymograph  tracing  of  the  circulatory  reaction.  The  injec- 
tion caused  death  within  a  very  short  time.     (See  Graph  No.  IV.) 

The  autopsy  revealed  a  subendocardial  congestion  and  ecchymoses. 
The  lungs  were  markedly  inflated,  in  fact  more  so  than  in  any  of  our 
previous  cases.  There  was  congestion  of  the  gastric  mucosa  near  the 
pylorus.     The  urine  showed  no  abnormal  features. 

EXPERIMENT  WITH  HORSE  NO.  3742 

This  horse  was  given  a  daily  dose  of  Gastrophilus  material  in 

order  to  determine,  whether  or  not  an  anemia  could  be  thus  produced. 

The  following  are  the  data  recorded  in  this  experiment. 

November  4,  1916  Subcutaneous  injection  of  extract  of  one  larva  of  Q.  equi  (3730) 
November  6,  1916  Subcutaneous  injection  of  extract  of  one  larva  of  Ot.  equi  (3735) 
November  8,  1916  Subcutaneous  injection  of  extract  of  one  larva  of  G.  equi  (3735) 
November  9,  1916  Subcutaneous  injection  of  extract  of  one  larva  of  Ot.  equi  (3735) 


168  BULLETIN    125 


The  injections  were  sometimes  followed  by  evidence  of  uneasiness 
and  later  by  abcess  formation.  On  account  of  the  latter  the  subse- 
quent injections  were  made  intravenously.  November  10,  1916,  pre- 
injection  pulse  36  p.  m.     Respirations  20  p.  m.     Temperature  100.2°  F. 

3:25  P.  M.  Injection  of  extract  of  one  larva  of  Gastrophilus  equi  (3735)  fol- 
lowed by  restlessness  and  defecation  within  5  minutes. 

4:00  P.  M.     Pulse  40  p.  m.     Bespirations  32  p.  m. 

5:30  P.  M.  Pulse  60  p.  m.,  and  very  weak.  Bespirations  28  p.  m.  Temperature 
102''    P. 

November  11,  1916.  Pre-injection  pulse  42  p.  m.  Respirations  18  p.  m.  Temper- 
ature 100.4*  P.  ^ 

11:15  A.  M.  Injection  of  the  extract  of  one  larva  of  G.  equi  (3748),  not  fol- 
lowed by  a  visible  reaction. 

November  12,  1916.  Pre-injection  pulse  39  p.  m.  Bespirations  22  p.  m.  Temper- 
ature 100.6*  P. 

11:20  A.  M.  Injection  of  extract  of  one  larva  of  G.  equi  (3748).  Xo  visible 
reaction. 

November  13,  1916.  Pre-injection  pulse  39  p.  m.  Bespirations  18  p.  m.  Temper- 
ature 100*  P. 

2:30  P.  M.  Injection  of  extract  of  one  larva  of  G.  equi  (3748).  No  visible 
reaction. 

November  14,  1916.  Pre-injection  pulse  36  p.  m.  Bespirations  18  p.  m.  Temper- 
ature 100*  P. 

2:57  P.  M.    Injection  of  extract  of  one  larva  of  G.  equi  (3748). 

3:02  P.  M.  Bespiratory  frequency  increasing.  Animal  began  to  stiffen  and  fell 
to  floor,  remaining  there  for  15  minutes.  Immediately  after  falling  the  pulse 
rate  rose  to  70  p.  m.,  but  was  rather  strong  in  character.  In  the  course  of  a 
quarter  of  an  hour  it  became  slower  and  very  weak.  Slight  twitching  of 
voluntary  muscles  and  three  defecations  followed.  Temperature  100  F. 
No  diaphoresis  or  lachrymation  were  observed.  The  animal  soon  assumed  a 
normal  condition. 

November  16,  1916.  Pre-injection  pulse  36  p.  m.  Bespirations  20  p.  m.  Temper- 
ature 100.4*  P. 

4:20  P.  M.     Injection  of  the  extract  of  one  larva  of  G.  equi  (3748). 

4:23  P.  M.  The  animal  became  restless,  began  to  totter,  the  musculature  showed 
marked  tetanus-like  rigidity  and  the  subject  fell  to  the  floor.  The  pulse  in- 
creased in  volume  and  frequency,  80  p.  m.,  but  within  10  minutes  became 
almost  imperceptible,  continuing  very  last.    Evacuation  of  feces  and  flatus. 

5:00  P.  M.  The  animal  regained  the  standing  posture,  and  with  the  exception 
of  a  very  weak  pulse  was  apparently  normal 

November  16,  1916.    Pre-injection  pulse  42  p.  m.    Temperature  99.8  *"  F. 

3:22  P.  M.    Injection  of  extract  of  one  larva  of  G.  equi  (3748). 

3:25  P.  M.  The  subject  became  stiff,  began  to  stagger,  showing  tetanic  spasms 
of  the  entire  musculature  and  fell  to  the  floor.  Pulse  120  p.  m.  The  heart 
beat  was  violent  and  audible  several  feet  away.  Feces  and  flatus  were 
evacuated. 

3:30  P.  M.    Pulse  56  p.  m.,  weak. 

3:35  P.  M.     The  subject  arose  and  but  for  a  weak  pulse,  appeared  normal. 

November  17,  1916.     Pre-injection  pulse  36  p.  m.     Bespirations  24  p.  m. 

3:13  P.  M.  Injection  of  the  extract  of  one  larva  of  G.  equi  (3748).  After 
1  minute  the  subject  became  very  restless,  and  the  voluntary  muscles  com- 
menced to  show  tetanic  contractions.  There  was  rigidity  and  trismus.  The 
subject  fell  to  the  floor  within  2  minutes  after  the  completion  of  the  in- 
jection. Dyspnea  soon  became  apparent.  There  were  violent  abdominal 
spasms,  during  which  urine  was  voided.  The  pulse  was  imperceptible,  and 
death  followed  in  about  6  minutes  after  the  injection. 

The  autopsy  revealed  nothing  of  a  conspicuous  nature  with  the 
exception  of  a  slight  degree  of  pulmonary  inflation. 

Two  blood  counts  were  made  in  this  case,  one  before  the  experi- 
ment and  one  after.     The  former  revealed  7,590,000  erythocytes  and 
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90%  hemoglobin  and  the  latter  5,256,000  erythoeytes  and  88%  hemo- 
globin. 

EXPERIMENT  WITH  HORSE  NO.  3768 

The  subject  received  daily  intravenous  injections  of  extract  pre- 
pared from  one  larva  of  Gastrophilus  nasalis  in  the  usual  manner  for 
the  purpose  of  discovering  if  by  this  method  anemia  can  be  induced. 

The  first,  injection  was  made  December  5,  1916,  and  this  as  well 
as  the  three  following  ones  did  not  provoke  any  noticeable  reaction. 

December  9,  1916.     Injection  completed  at  9 :45  A.  M. 

10:05  A.  M.    Slight  muscular  tremors  and  mucous  discharge  from  the  nose. 

10:15  A.  M.    Nasal  discharge  pronounced. 

11:00  A.  M.    The  reaction  had  ceased. 

December  10,  1916.    The  injection  was  not  followed  by  anything  unusual. 

December  11,  1916.  The  injection  caused  a  slight  discharge  of  nasal  mucus  and 
increase  in  the  rate  of  respiration. 

December  12,  1916.    The  injection  finished  at  11:30  A.  M. 

11:35  A.  M.    Mucous   discharge  from  nose.    Increase  in  respiratory   frequency. 

11:40  A.  M.    The  subject  became  restless  and  breathed  hurriedly.     Defecation. 

11:50  A.  M.    The  animal  again  in  normal  condition. 

December  13,  1916.    The  injection  completed  at  11:30  A.  M. 

11:35  A.  M.  Subject  became  restless,  breatiied  rapidly  and  showed  slight  mus- 
cular tremors.     Slight  mucous  discharge  from  nose. 

11:50  A.  M.  The  animal  breathed  rapidly,  but  otherwise  was  apparently 
normal 

December  14,  1916.     The  injection  finished  at  2 :31  P.  M. 
After  1  minute  the  subject  became  restless  and  the  breathing  became  hurried. 

The  animal  began  to  stagger,  tottered  about,  showing  tetanic  spasms  and  fell 

to   the  ground  4  minutes  after  the  injection.    It  lay  prostrate  with  the   limbs 

rigidly    extended.     Respirations    greatly    increased,    both    as    to    frequency    and 

volume.    The  pulse  was  very  fast  and  almost  imperceptible. 

3:40  P.  M.  The  breathing  became  dyspneaic  in  character,  slight  mucous  dis- 
charge from  the  nose.    Defecation. 

3:50  P.  M.     Respirations  more  rapid,  74  p.  m.     Animal  in  chest  position. 

4:10  P.  M.     Respirations  60  p.  m.,  not  so  deep.     Pulse  growing  stronger,  66  p.m. 

4:30  P.  M.  The  subject  stretched  out  after  trying  to  regain  its  feet.  Res- 
pirations 50  p.  m. 

4:40  P.  M.  The  respirations  became  very  fast  and  the  pulse  also  increased  in 
frequency  and  became  very  weak. 

4:50  P.  M.     Dyspnea  very  pronounced. 

4:55  P.  M.    Dead. 

The  autopsy  revealed  the  results  of  an  extensive  hemorrhage  of 
undefined  origin,  within  the  pelvis.  The  right  lung  showed  a  large 
fresh  hemorrhagic  area,  while  the  pulmonary  tissue  throughout  pre- 
sented an  enormous  number  of  small  pinhead  sized  hemorrhages.  The 
heart  presented  extensive  and  marked  sub-endocardial  hemorrhagic 
suffusions. 

As  may  be  surmised  the  experiments  with  the  last  two  horses  were 
designed  in  order  to  determine  the  possibility  of  producing  an  anemia 
with  repeated  injections  of  hot  material.  The  repeated  injections 
proved,  however,  to  be  disastrous  and  hence  we  aimed  to  safeguard  our 
next  animal  by  means  of  greater  intervals  between  injections  as  well 
as  by  the  use  of  small  desensitizing  doses,  in  accordance  with  the 
plan  of  Besredka  (8). 

At  the  same  time,  and  for  the  same  reason,  we  treated  another 
animal  with  repeated  doses  of  egg  white  inasmuch  as  the  anaphylactic 
nature  of  the  various  reactions,  thus  far  obtained  had  already  become 
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very  apparent  to  us.     The  two  experiments  mentioned  are  summarized 
as  follows : 

EXPERIMENTS    WITH    HORSE    NO.    3798 


Date    1917 


Jan. 

Jan. 

Jan. 

Jan. 

Jan. 

Jan. 

Feb. 

Feb. 

Feb. 

Feb. 

Met. 

Mch. 
Mch. 

Mch. 

Apr. 

Apr. 

Apr. 

Apr. 

Apr. 

May 

May 

May 

May 
May 

June 

June 


6 


10 


15 


22   .. 
29  .. 


12  ^. 
19  ... 


26 


Material 
Injected 

One  larva 

G.  Nasalis  .. 
One  larva 

G.  Nasalis  .. 
One  larva 

G.  Nasalis  .. 
Two  larvae 
I  of    same    .... 
'One   larva 

of    same    .... 
One   larva 

of   same    .... 
One  larva 

of   same   .... 
One   larva 

of   same   .... 
One   larva 

of    same    .... 
Two  larvae 

of    same    .... 
Three   larvae 

of   G.   equi.. 


Results 


Red 
cells 


I 


6  c  t: 
So  ^ 


5 

12    Three  larvae 

of   G.    equi 

19    Four  larvae 

I  of    same    

2  Five   larvae 

I  of    same   

9  'Five   larvae 

of    same    

16  Five   larvae 

of    same   

23   Five   larvae 

of    same   

30  Five   larvae 

of   same   

Five   larvae 

I  of    same   

14  ...Seven     and     a 

half  of  same.. 

21  .Seven     and     a 

half  of  same.. 

24  

28 


None     

Slight    increase    in    respira- 
tion     

None    

Marked    reaction    lasting 
10    minutes    


Reaction     

Very    slight    reaction. 

Slight    reaction    

Slight    reaction    

None     


Ten  larvae 
of    same   .. 

Ten  larvae 
of   same   .. 

Ten  larvae 
of    same    .. 


None     '. 

Slight    reaction 

Slight    reaction 
Reaction     


Very   slight    reaction. 
No  reaction  


Very  slight  reaction. 
Very  slight  reaction. 
None   


None    

Slight    reaction 
None    


Reaction 
None    


6,250,000 


6,818,000 

8,107,000 

7,922,000 

7,428,000 

7,78500,0 
7,160,000 
7,411,000 


5,681,000 
5,296,000 

5,885,000 
6,944,000 
5,821,000 
5,925,000 


5,614,000 
5,903,000 


5,251,000 


85 


6,570,000  ;   80 


85 

90 

90 

85 
85 
85 


85 
75 


70 
80 
75 
80 


80 
80 


80 


On  June  7  this  subject  was  found  down  in  its  stall,  and  not  being 
able  to  rise  was  destroyed  by  gun  shot.  The  autopsy  revealed  nothing 
unusual,  aside  from  a  marked  albuminuria. 
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EXPERIMENTS  WITH  HORSE  NO.  3814 


Date  1917 

Egg-white 
injected 

ReBQltt 

Red 

rellR 

III 

1 

S. 
3. 
2. 
1. 

1.     . 
1. 

1. 
1. 
1.2 

1.5 
2. 
3. 
4. 

5. 

5. 

5. 

5. 

7^ 

7.5 
10. 
10. 

10. 

None    

None    

7,500,000 

7,602,000 

7,607,000 
8.414,000 
7,870,000 

00 

DO 

00 

DO 

M 

00 

.,-...,-00 

9.SH.J,000 

9.355,000 

9,314,000 

10,207,000 
8,470,000 

8,311,000 

BO 

00 

80 
85 
90 
85 
85 
85 
85 
85 
90 

Jan.  26  

Fob.  4 

None   „ 

Feb.   12  

None   

Mch.    12    

Mch.    ]9    

Very    slight    reaction 

Slight    reaction    

None    „ 

None    -     

90 
95 

95 
90 

90 

May    14    

, 

Very   slight    reaction — 

June    9    

*  Dcaensitization. 

On  June  12,  1917, 'this  subject  was  given  an  injection  of  Gastro- 
pbilus  material,  which  was  used  in  another  experiment  for  the  purpose 
of  testing  its  toxidity  in  the  ordinary  horse.  The  animal  sustained  a 
marked  reaction  and  was  destroyed  while  this  was  still  in  progress. 
The  autopsy  revealed  nothing  unusual. 

The  following  series  of  experiments  were  designed  to  throw  some 
light  on  the  possibility  of  disease  transmission  by  the  blood  or  serum 
of  horses,  which  previously  had  been  treated  with  Qastrophilus  ex- 
tracts. 

EXPERIMENTS  WITH  BLOOD  AND  SERUM 
EXPERIMENT  WITH   HORSE   NO.   3043 

This  animal  was  injected  with  240  c.  c.  of  fresh  blood  taken  from 
horse  No.  2612,  112  days  after  the  latter  had  received  the  injection  of 
Qastrophilus  extract.  On  the  9th  and  10th  day  after  horse  No.  3043 
had  received  its  injection,  its  body  temperature  began  to  rise  until  on 
the  11th  day  it  reached  the  maximum  of  104.5°  F.  The  temperatnre 
declined  on  the  12th  day  until  on  the  13th  it  again  approached  the 
nomial.     On  that  day  the  subject  was  killed  by  bleeding. 

The  only  changes  found  post  mortem  were  well  marked  sab-endo- 
cardial  eechymoses  and  a  slight  albuminuria. 
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EXPEEIMENT  WITH  HOBSE  NO.  3090 

This  horse  was  injected  with  240  c.  e.  of  blood  semm,  obtained 
from  horse  No.  3043  on  the  day  that  the  latter  was  killed.  On  the 
13th  day  after  the  injection  the  subject's  temperature  rose  to  102.5°  F. 
reaching  103.6°  P.  on  the  day  following.  No  further  changes  were 
no];ed  during  the  25  days  the  animal  was  under  observation. 

EXPERIMENT  WITH  HOBSE  NO.  3103 

This  subject  was  injected  with  240  c.  c.  of  whole  blood  taken 
from  No.  2612  on  the  day  the  latter  was  killed.  Between  the  12th  and 
16th  days,  horse  No.  3103  showed  a  febrile  reaction,  during  which  the 
maximum  temperature  of  106.5°  P.  was  reached.  The  horse  became  very 
weak  and  was  killed  by  gun-shot  in  that  condition. 

The  autopsy  revealed  the  splenic  Ijrmphnodes  to  be  enlarged  and 
hyperemic  and  a  few  sub-endocardial  ecchymoses. 

EXPERIMENT  WITH  HORSE  NO.  3415 

Blood  was  taken  from  subject  No.  3403,  on  the  day  of  its  death, 
or  8  days  after  it  received  the  fatal  injection  of  Gastrophilus  material. 
On  October  7,  1916,  horse  No.  3413  received  30  c.  c.  of  serum  prepared 
from  this  blood,  the  injection  leading  to  the  following  febrile  reactions : 


Day 


Morning 


Evening 


October    18,    1915 

October    19,    1915 

October    23,    1915..... 

October    24,    1915 

October    25,    1915 

November  6,  1915... 
November  7,  1915... 
November  8,  1915... 
November  9,  1915... 
November  10,  1915 
November  11,  1915. 
November  22,  1915. 
November  23,  1915. 
November  24,  1915. 
November  25,  1915. 
December  5,  1915... 
December  6,  1915... 
December  7,  1915... 
December  8,  1915... 
December  9.  19lS... 
December  16,  1915. 
December  17,  1915. 
December  18,  1915. 
December  19,  1915. 
February    24,    1916... 


101.2 

101.5 

100.4 

103.3 

103.4 

102.2 

102.6 

104. 

104.5 

104.4 

103. 

102.5 

104.2 

104.2 

102.2 

102. 

104. 

105. 

103. 

102.2 

101.2 

103.8 

102.8 

102.5 

104.5 


103.3 

100.6 

102. 

106. 

101.8 

101.8 

103.2 

104.5 

104.8 

104. 

100.4 

103.5 

104. 

103.5 

101.8 

103. 

104.2 

104. 

103.2 

101. 

103. 

104.5 

103.5 

103.2 

103. 


The  subject  was  permitted  to  live  until  March  25,  1916,  but  no 
further  reactions  were  observed. 

EXPERIMENT  WITH  HORSE  NO.  3625 

This  subject  was  injected  with  240  c.  c.  of  fresh  blood  taken  from 
horse  No.  3422,  two  hundred  and  forty-seven  days  after  the  latter  had 
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been  injected  with  an  extract  prepared  from  one  larva  of  Gastrophilus 
equi.  As  a  result  of  the  injection  made  July  15,  1916,  subject  No.- 
3625  showed  the  following,  rather  feeble  temperature  reactions: 


Day 

Temperature 

Pulse 

Morning 

Evening 

Morning 

Evening 

July  17,   1916 

July   18,   1916 

July  26,   1916 

August    23,    1916 

August    27,    1916 

August   28,    1916 

August    29,    1916 

August    30,    1916 

September   4,    1916 

September   12,    1916 

September    14,    1916. 

September    16,    1916 

September    17,    1916 

September    18,    1916 

September    19,    1916 

September    20,    1916 

September    24,    1916 

September   28,    1916 

September   29,    1916 

September   30,    1916 

Octol^er    5,    1916 

October    8,    1916. 

October    12,    1916 

October    15,    1916 

October    16,    1916 

October    17,    1916 

October    18,    1916 

October    23,    1916 

October    24,    1916 

October    26,    1916 

October    30,    1916 

100.6 

100.8 

100.2 

100. 

101.8 

101. 

101.5 

100. 

100.6 

101.8 

100. 

99.8 
100.3 
100.8 
100.8 
100.6 
100.2 

99.4 
101.2 
100.2 
101.4 
100.2 
101, 

99.6 
102.4 
101. 
101. 
100.2 
100.5 
101.8 
100.8 

101. 
101.6 
lOL 
lOL 
102.4 
102.5 
101.4 
101. 
101. 
101. 
101.2 
101. 
101.2 
101.2 
101.2 
101.6 
•     101.5 
101. 
102. 
102.5 
101.2 
101. 
101.4 
101.4 
101.3 
101. 
102.6 
101. 
101. 
101.8 
101.8 

33 
34 
33 
36 
39 
39 
40 
38 
36 
39 
36 
3b 
37 
36 
36 
36 
35 
36 
39 
36 
38 
36 
36 
36 
36 
36 
37 
35 
35 
36 
33 

35 
36 
36 
36 
45 
45 
39 
39 
36 
38 
38 
38 
39 
38 
38 
38 
38 
39 
39 
38 
38 
39 
40 
39 
38 
36 
39 
37 
35 
38 
36 

EXPERIMENT  WITH  HORSE  NO.  3686 

On  September  6,  1916,  this  subject  received  a  subcutaneous  injec- 
tion of  240  c.  c.  of  fresh  blood  taken  from  No.  3636,  which  on  July 
22,  1916,  had  received  in  the  stomach  an  extract  prepared  from  39 
larvae  of  Gastrophilus  hemorrhoidals.  On  September  25,  1916,  and 
September  26,  1916,  the  subject  (No.  3686)  showed  a  temperature  rise 
to  101.6°  P.  and  again  on  October  11  and  12,  1916,  there  was  a  febrile 
reaction,  which  reached  a  maximum  of  104°  F. 

The  horse  was  killed  immediately  after  and  the  autopsy  revealed 
numerous  sub-endocardial  ecchymoses  and  petechiae,  but  otherwise 
no  striking  lesions  were  observed. 

EXPERIMENT  WITH  HORSE  NO.  3688 

On  September  13,  1916,  this  horse  was  given  an  injection  of  240 
c.  c.  of  fresh  blood,  taken  from  experimental  horse  No.  3663,  which  on 
August  28,  1916,  had  been  injected  with  the  excretions  of  24  larvae  of 
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Gastiophilus  equi,  eliminated  during  72  hours. 

Horse  No.  3688  showed  the  following  temperature  and  pulse  re- 
action as  a  result  of  the  injection  above  mentioned. 


Day 

Temperature 

Pulse 

Morning 

100.4 
100.6 
103.4 
101.2 
100.5 

Evening 

.Morning 

Evening 

September   27,    1916 

September   28,    1916 

September   29,    1916 

September   30,    1916 

101. 

102. 

104. 

100.8 

101.2 

39 
39 
45 
42 
39 

40 
42 
54 
44 

October    1,    1916 

42 

The  subject  was  killed  by  gun-shot  on  October  2,  1916.  The 
autopsy  showed  the  spleen  to  be  enlarged  (8  pounds)  slightly  indu- 
rated and  presenting  numerous  sub-capsular  hemorrhages.  The  liver 
was  slightly  cirrhotic  and  in  the  heart  a  few  endocardial  ecchymoses 
were  present.    Albuminuria  could  be  demonstrated. 

With  the  data  made  available  by  the  experiments  reported  above 
in  more  or  less  detail,  we  may  attempt  to  compare  our  results  with 
those  of  the  Seyderhelms.  A  glance  at  those  as  reported  shows  im- 
mediately that  they  corresponded  in  many  details.  The  severe  reac- 
tions following  injections  with  hot  material  as  well  as  with  a  solution 
of  the  secretions  of  the  larvae  were  quite  identical. 

Our  results  also  confirm  those  of  the  Seyderhelms  with  regards 
to  the  thermostabile  character  of  the  intoxicating  substance.  We  like- 
wise observed  how  horses,  injected  with  the  blood  of  other  horses, 
which  had  sustained  the  reaction  following  injections  with  Gastro- 
philus  material  showed  after  a  definite  incubation  period  febrile  dis- 
turbances, and  how  a  third  horse  injected  with  the  blood  of  such  an 
animal  would  show  a  similar  reaction. 

In  addition  we  demonstrated  the  dialysable  character  of  the  in- 
toxicating substance  and  also  succeeded  in  causing  it  to  produce  a 
slight  reaction,  by  directly  inserting  it  into  the  stomach  of  the  ex- 
perimental subject. 

We  failed,  however,  by  single  or  repeated  injections  of  bot  mate- 
rial or  blood  from  injected  horses  to  reproduce  any  diseased  condition 
similar  to  swamp  fever  or  infectious  anemia  as  we  encounter  the  dis- 
ease in  our  section  and  in  the  end  must  reject  the  hypothesis  of  the 
Seyderhelms,  for  the  additional  reason  that  if  the  almost  ubiquitous 
bot  fly  had  anything  to  do  with  the  production  of  swamp-fever,  the 
latter  would  not  be  confined  to  the  rather  markedly  circumscribed 
areas,  where  it  is  now  found. 

The  marked  reactions  following  the  injections  with  Gastrophilus 
material  do  in  no  way  warrant  the  conclusion  that  the  species  used 
had  any  causal  relation  to  the  disease  swamp-fever.  As  will  appear 
later  in  this  article  other  parasites  may  cause  similar  disturbances.  In 
all  probability  the  Seyderhelms  never  suspected  the  true  nature  of  the 
phenomena  they  observed.  With  Carre  and  Valine  (9,  10)  we  do  not 
deny  the  originality  or  the  facile  manner  by  which  the  Seyderhelms 
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conceived  their  hypothesis,  but  its  specific  burden  must  be  rejected  in 
the  light  of  our  experiments  for  the  same  reason  that  their  rather 
questionable  statement  that  the  flies  of.  Gastrophilus  hemorrhoidalis 
after  pupating  in  the  stable  soil,  deposit  their  eggs  in  the  same  place 
will  not  be  readily  accepted  by  experienced  entomologists. 

Whatever  the  conclusion  relative  to  the  importance  of  the  Seyder- 
helms  observations  may  be,  they  have  however,  the  merit  not  only  of 
adding  to  our  information  regarding  parasitic  intoxicants,  but  also  of 
suggesting  experiments  designed  to  explain  their  actions. 

More  fortunate  in  this  respect  than  Carr6  and  Valine  (9,  10),  the 
writers  never  failed  to  precipitate  the  acute  reactions  so  well  described 
by  the  Seyderhelms  in  some  of  their  accounts.  The  phenomena  ob- 
served naturally  led  to  the  question  relative  to  the  manner  by  which 
they  may  be  brought  about.  The  following  hypotheses  suggested 
themselves,  viz.:  (1)  Intrinsic  toxidity  on  the  part  of  the  larvae. 
(2)  The  presence  in  the  'parasites  of  specific  antibodies  toxic  to  their 
host  and  (3)  The  anaphylactic  nature  of  the  reaction,  due  to  the 
fact  that  the  host  had  in  some  manner  become  sensitized  during 
previous  invasions. 

The  first  hypothesis  had  to  be  rejected  on  account  of  the  appar- 
ent non-toxidity  to  other  animals,  which  we  could  demonstrate  on 
many  occasions  and  pertaining  to  a  great  variety  of  species.  The 
second  one  is  probably  eliminated  by  the  fact  that  reactions  follow 
the  use  of  boiled  extracts,  and  by  the  disturbances  following  the  in- 
jection of  mere  excretory  substances. 

The  third  hyppthesis,  however,  seemed  to  be  worthy  of  a  more 
serious  consideration.  The  anaphylactic  nature  of  the  reactions 
seen  by  the  Seyderhelms,  was  first  mentioned  by  Favero  (11)  who 
had  repeated  some  of  the  experiments,  while  the  writers  were  early 
struck  by  the  similarity  of  the  symptoms  observed  in  their  cases 
and  those  described  as  anaphylactic  phenomena  in  the  horse  by 
Ciuca,  (12),  Briot  and  Dopter  (13),  and  Briot  and  Dujardin-Beaumetz 
(14).  The  possibility  of  a  real  parasitic  anaphylaxis  was  further 
suggested  by  the  urticaria,  violent  intoxication  and  deaths  so  closely 
resembling  anaphylaxis  and  observed  after  the  escape  of  the  fluid 
contained  in  the  cysts  of  Tenia  ecchinococcus  into  any  of  the  body 
cavities  through  puncture  or  rupture. 

The  possibility  of  definitely  determining  the  exact  nature  of  the 
reactions  assumed  to  be  anaphylactic  encouraged  the  writers  to  make 
further  experiments  with  that  object  in  view.  For  this  purpose  the 
kymographic  tracings  of  the  reactions  caused  in  horses  Nos.  3625, 
3655,  3678  and  3747  were  made  and  are  hereby  appended,  as  part  of 
the  evidence,  upon  which  our  conclusions  are  based. 

We  further  acquainted  ourselves  with  the  nature  of  non-para- 
sitic anaphylaxis  in  the  horse  for  the  purpose  of  comparing  the 
various  clinical  manifestations. 

The  non-parasitic  anaphylactic  shock  is  shown  by  the  following 
experiment  and  bears  a  full  resemblance  to  some  of  the  disturbances 
caused  by  injections  of  bot  materials: 
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EXPERIMENT  WITH  HORSE  NO.  3723 

This  horse  was  intravenously  injected  with  doses  of  5,  3,  2  and  1 
c.  c.  of  white  of  egg  dissolved  in  salt  solution  respectively,  at  inter- 
vals of  from  4  to  5  days.  Those  injections  did  not  cause  any  visible 
reactions,  and  at  no  time  did  the  serum  of  this  horse  acquire  any 
precipitating  qualities  against  the  antigen  used. 

Three  weeks  after  the  last  injection  was  given,  the.subiect  re- 
ceived intravenously  a  solution  of  the  whites  of  4-1-2  eggs  in  900  c.  c. 
of  physiologic  salt  solution.     The  injection  was  made  December  26, 

1916,  at  11 :02  A.  M.  and  led  to  the  following  results : 

At  11.03  A.  M.  After  about  100  c.  c.  of  the  albumen  solution  were  injected 
the  subject  showed  restlessness  and  a  slight  degree  of  muscular  rigidity. 
Immediately  after  the  completion  of  the  injection  there  was  observed  great 
restlessness,  rapid  breathing,  and  muscular  twitching. 

At  11:06  A.  M.  The  animal  neighed  and  fell  to  the  floor.  The  pulse  was  al- 
most imperceptible  and  the  respirations  reached  a  frequency  of  72  p.  m. 
The  subject  showed  tetanic  contractions,  especially  of  the  flexors  of  the 
neck.  There  was  a  violent  abdominal  straining  followed  by  an  involuntary 
voiding  of  urine.    The  conjunctivae  were  markedly   congested. 

At  11:08  A.  M.  The  pulse  was  imperceptible.  Bespirations  54  p.  m.  The 
tetanic  spasms  increased  in  intensity. 

At  11:10  A.  M.  The  subject  in  agony,  showed  dyspneic  gasps  and  arching  of 
the  neck. 

At  11:12  A.  M.    Death. 

The  autopsy  revealed  renal  congestion,  numerous  subcapsular 
hemorrhages,  and  a  very  marked  hemorrhage  of  the  myocardium. 
The  lungs  were  congested  throughout,  and  showed  slight  inflamma- 
tion.   The  urine  contained  albumen. 

While  the  observations  above  mentioned  tended  to  confirm  us  in 
our  suspicions  relative  to  the  anaphylactic  nature  of  the  phenomena 
witnessed,  we  recognized  that  in  order  to  settle  the  question  in  a 
more  absolute  manner,  it  would  be  necessary  to  prove  the  inocuous- 
ness  of  bot  materials  to  non-sensitized  equines,  which  we  conceived 
to  be  horses  which  had  never  harbored  the  Gastrophilus  larvae. 

In  this  section  we  did  not  deem  it  possible  to  secure  any  adult 
horse,  which  could  have  escaped  the  presumed  sensitization,  and 
hence  we  collected  a  number  of  colts,  bom  after  the  bot-fly  season. 

While  acquainted  with  the  observations  of  Quyot  (15)  relative 
to  the  viability  of  the  Gastrophilus  eggs,  we  felt  certain  that  in  our 
rigorous  climate,  a  colt  born  after  November  first,  would  not  be  liable 
to  become  bot  infested  until  during  the  following  season. 

That  we  were  mistaken  in  this  respect  the  following  account  of 
the  colt  experiments  will  shgw. 

EXPERIMENTS  WITH   COLT  NO.  3863 

This  was  a  normal  colt,  bom  November  4,  1916.     On  March  3, 

1917,  the  subject  received  by  intravenous  injection  an  extract  pre- 
pared from  five  larvae  of  the  Gastrophilus  equi. 

The  colt  reacted  to  this  injection  in  the  manner  characteristic 
of  the  ones  previously  observed  in  adult  horses.  The  subject  was 
killed  by  bleeding  at  a  time  when  death  due  to  the  reaction  seemed 
inevitable. 

The  autopsy  brought  to  light  75  well  developed  larvae  of  the 
Gastrophilus  equi  firmly  attached  to  the  gastric  mucosa. 
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EXPERIMENT   WITH   COLT   NO.   3891 

This  colt  was  born  some  time  during  December,  1916,  when  a 
snow  storm  was  in  progress. 

On  April  2,  1917,  the  subject  received  by  intravenous  injection 
the  extract  prepared  from  five  larvae  of  the  Gastrophilus  equi.  A 
typical  and  very  severe  reaction  resulted  and  again  the  autopsy 
showed  the  presence  of  20  bots  of  Gastrophilus  equi  in  the  stomach. 

EXPERIMENTS  WITH  COLT   NO.   3898 

This  animal  was  bom  February  2,  1917,  and  on  April  2,  1917,  was 
injected  intravenously  with  the  extract  prepared  from  five  larvae  of 
the  Gastrophilus  equi. 

The  injection  was  made  at  2 :30  P.  M. 

At  2:33  P.  M.    The  colt  became  restless,  scratched  its  nose,  jumped  about  and 

showed  increased  respiratory  efforts. 
At  3:36  P.  M.    The  subject  began  to  sweat,  respiration  still  further  Increased, 

the    animal   very    excited,    continually    thrusting   its   nose    in    the    bedding. 

There  was  a  slight  lachrymation. 
At  2:40  P.  M.    The  subject  laid  down,  but  immediately  jumped  up  again  and 

began  to  run  about.    The  diaphoresis  remained  slight. 
At  3:05  P.  M.    All  the  above  phenomena  were  receding. 

The  animal  was  killed  by  a  strychnine  injection  immediately  after 
it  regained  the  normal  state  and  the  autopsy  failed  to  bring  to  light 
any  Gastrophilus  larvae. 

EXPERIMENT    WITH    COLT   NO.    3906 

This  subject,  bom  March  19,  1917,  received  on  April  13,  at  1 :21 
P.  M.  an  intravenous  injection  of  an  extract  prepared  in  the  usual 
manner..  This  injection  was  followed  by  the  following  results*: 

At  1:23  P.  M.    The   colt  became   restless,  pawed,   shook   its   head   and   walked 

about.     After  2  or  3  minutes  slight  muscular  tremors  in  the  flank  regions 

were    observed.    A    slight    restlessness    continued.    The    subject    drew    its 

hind  limbs  up  to  its  abdomen.     Pulse  90  p.  m. 
At  1:30  P.  M.    The  pulse  is  slightly  weaker  and  the  short  haired  parts  of  the 

skin  slightly  warmer,  and  moist.    Evacuation  of  solid  feces,  followed  by  a 

similar  one  some  10  minutes  later. 
At  1:50  P.  M.     Evacuation     of    semi-liquid    feces.     The    subject    was    slightly 

restless  and  bit  at  itself  as  well  as  its  companions.     Hospiration   was  only 

slightly  increased. 
At  2:00  P.  M.     Passage  of  very  liquid  feces. 
2:15  P.  M.     Rubbed  its  nose,  pawed.     Pulse  114  p.  ni.  and  weak. 
2:50  P.  M.     All  reactions  had  ceased. 

On  June  12,  1917,  along  with  two  other  colts  to  be  described 
next,  this  same  subject,  No.  3906,  received  an  intravenous  injection  of 
25  c  .c.  of  a  10%  extract  of  the  larvae  of  Gastrophilus  equi.  The  in- 
jection was  complete  at  3 :17  P.  M. 

3:20  P.  M.     There  was  rapid  breathing,  defecating  and  slight  colic. 

3:28  P.  M.     The    fast    breathing    continued    and    a    slight    discharge    of    nasal 

mucus  was  observed. 
3:30  P.  M.     The  colt  has  a  coughing  spell. 
3:35  P.  M.     Continuation  of  the  rapid  breathing. 
4:46  P.  M.     All  traces  of  the  reaction  have  disappeared. 

The  colt  was  killed  by  gun-shot  immediately  after  the  experi- 
ment. The  autopsy  did  not  disclose  the  presence  of  any  larvae  of 
Gastrophilus. 
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EXPERIMENT   WITH   COLT   NO.   3905 

A  healthy  colt  born  during  the  end  of  February  or  the  beginning 
of  March,  1917,  and  received  at  the  station  April  11,  1917. 

On  June  12,  1917,  this  subject  received  an  intravenous  injection 
of  25  c.  c.  of  a  10%  extract  of  the  larvae  of  Qistrophilus  equi.  No 
reaction  followed.  Thirty-seven  minutes  later  25  c.  c.  of  a  10%  ex- 
tract of  the  larvae  of  Gastrophilus  nasalis  were  similarly  injected. 
No  reaction  was  produced. 

On  the  following  day  the  colt  was  killed  and  no  larvae  of  Gastro- 
philus could  be  found. 

EXPERIMENT  WITH  COLT  NO.  3904 

A  healthy  colt,  born  during  the  end  of  February  or  the  beginning 
of  March  and  received  at  the  station  April  11,  1917. 

On  June  12  this  animal  received  by  intravenous  injection  25  c.  c. 
of  a  10%  extract  prepared  from  larvae  of  Gastrophilus  equi.  The 
injection  was  not  followed  by  any  visible  reaction. 

Thirty-seven  minutes  later  the  subject  received  an  intravenous 
injection  of  15  c.  c.  of  a  10%  extract  of  larvae  of  Gastrophilus 
hemorrhoidalis,  without  any  reaction  following. 

The  colt  was  killed  on  the  following  day  and  no  Gastrophilus 
larvae  were  found. 

CHECK  EXPERIMENT  WITH  HORSE  NO.  3814 

• 

In  order  to  ascertain  the  intoxicating  properties  of  the  extract 
used  in  the  colt  experiments  of  June  12,  1917,  this  subject,  which  had 
served  in  an  experiment  previously  reported,  was  also  given  by  intra- 
venous injection  25  c.  c.  of  the  same  10%  extract  prepared  from  the 
larvae  of  Gastrophilus  equi.     The  injection  was  made  at  4:28  P.  M. 

Within  one  and  a  half  minutes  after  the  injection  the  subject  showed  heavy 
breathing,    lachrymation,    facial    distortion,    a    discharge    of    nasal    mucus    and 
defecation. 
4:31  P.  M.    Marked  diaphoresis,  very  labored  respiration,  profuse  discharge  of 

nasal  mucus,  tenesmus,  defecation. 
4:35  P.  M.    The    marked    discharge   of   nasal   mucus   was    streaked    with    blood 

and  the  sweat  was  dripping  from  the  body. 

As  the  reaction  presaged  a  fatal  termination  the  subject  was 
destroyed  by  gun-shot. 

Reviewing  the  colt  experiments  reported  above,  we  find  that  the 
severe  reactions  obtained  in  Nos.  3863  and  3891  could  perhaps  be 
explained  by  the  sensitization  brought  about  by  the  Gastrophilus 
larvae  of  \^hich  the  two  subjects  were  the  hosts.  It  was  incidentally 
shown  that  viable  Gastrophilus  eggs  may  be  present  long  after  the 
flies  cease  to  exist,  as  was  already  observed  by  Guyot  (15). 

The  reaction  obtained  in  colt  No.  3898  was  more  puzzling  because 
no  bots  were  found  in  the  animal.  In  interpreting  the  results  in  this 
animal,  it  was  thought  that  unless  the  Gastrophilus  material  con- 
tained an  intoxicant  per  se,  the  reaction  must  be  attributed  to  either 
an  active  sensitization  by  Gastrophilus  embryos  yet  so  small  as  to 
escape  our  observation  or  to  a  passive  sensitization  conferred  by  the 
mother's  milk,  considering  the  fact  that  this  subject  was  used  within 
a  few  days  after  being  removed  from  its  dam. 


NOTES   ON  PARASITIC   ANAPHYLAXIS   AND    ALLERGY  179 

When  therefore  the  injection  with  bot  material  into  colt 
No.  3906,  also  precipitated  a  reaction,  it  was  deemed  wise  not  to  kill 
this  animal  but  to  keep  it  alive  for  a  sufficient  time  to  permit  any 
larvae  or  embryo  which  may  have  been  responsible  for  the  sensitiza- 
tion to  grow  to  such  a  size  as  to  no  longer  enable  them  to  escape  ob- 
servation. 

That  this  colt  reacted  upon  the  second  injection  some  two  months 
later  was  according  to  expectation,  assuming  that  at  any  rate  the 
first  injection  would  have  left  the  subject  anaphylactically  sensitive. 

When  planning  the  experiments  with  colts  Nos.  3905  and  3904 
we  aimed  to  postpone  the  bot  injections  for  at  least  8  weeks  after 
removing  the  colts  from  their  dams  in  order  to  escape  the  results  ,of 
a  possible  passive  anaphylaxis  through  the  milk  from  the  mares, 
which  could  hardly  fail  to  be  sensitized  by  the  parasites  themselves. 

For  the  8  weeks  preceding  the  injection  those  colts  were  fed  with 
modified  cow's  milk  as  well  as  with  such  grain,  hay  or  green  ffeed  as 
could  be  supplied  in  addition. 

Apparently  we  were  successful  in  avoiding  any  disturbing  factor 
in  this  experiment,  and  to  prove  that  in  colts,  not  sensitized  by  the 
parasites  themselves,  Gastrophilus  extract,  proven  to  be  highly  in- 
toxicating by  control  experiment  (No.  3814)  was  borne  with  impunity. 
Gastrophilus  extracts  thus  do  not  contain  a  specific  toxic  or  patho- 
genic substance,  but  behave  exactly  like  any  other  foreign  antigen 
could  be  expected  to  act  in  an  animal  previously  sensitized  to  it. 

As  our  observations  and  experiments  apparently  justified  us  in 
the  belief  that  at  least  one  tj'^pe  of  parasite  sensitized  its  host  in  the 
sense  of  anaphylaxis,  it  became  a  matter  of  interest  to  determine  if 
the  same  would  be  the  case  with  parasites  in  general. 

We  availed  ourselves  thus  of  such  opportunities  as  offered  them- 
selves and  record  our  results  as  follows: 

EXPERIMENT  WITH  ASCARIS  MEGALOCEPHALA 

This  subject  No.  3677  which  had  been  used  in  a  number  of  other 
experiments  had  always  proven  to  be  highly  sensitive  to  cne  ana- 
phylactic poison. 

On  April  4,  1917,  at  10:39  A.  M.  this  animal  received  by  intra- 
venous injection  a  physiologic  salt  extract  of  five  specimens  of 
Ascaris  megalocephala. 

Within  less  than  1  minute  after  the  injection  the  horse  became  restless, 
commenced  to  paw,  strained  and  had  a  bowel  evacuation  of  solid  and  flatulent 
materials.  Simultaneously  there  developed  profuse  lachrymation  and  salivation. 
10:42  A.  M.  The  animal  showed  difficulty  in  breathing  and  fell  to  the  floor. 
Profuse  sweating  ensued  and  the  peripheral  veins  became  greatly  dis- 
tended. The  pulse  was  imperceptible. 
10:43  A.  M.     The   subject   gasped   for   air,   showed   violent   abdominal   straining 

and  slight  muscular  tremors. 
10:44  A.  M.     The  animal  was  dead. 

The  autopsy  revealed  marked  congestion  of  the  mucosa  of  the 
bladder.  The  renal  cortices  were  slightly  engorged.  There  were 
profuse  and  very  marked  sub-epicardial  and  sub-endocardial  hemor- 
rhages distributed  over  all  parts  of  the  heart.  The  lungs  were 
markedly  inflated  and  presented  approximately  five  times  their  nor- 
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mal  size.     It  must  be  observed  however,  that  this  animal  had  shown 
some  evidence  of  being  affected  with  ** heaves". 

EXPERIMENT  WITH  TRICHODECTES  PARUMPILOSUS 

An  aged  subject  No.  3815  heavily  infested  with  lice  (Trichodectes 
parumpilosus.)  From  1200  to  1500  of  the  lice  were  taken  from  this 
animal,  crushed  and  macerated  in  physiologic  salt  solution  for  24 
hours  at  refrigerator  temperature.  The  resulting  extract  was  then 
filtered  through  a  bit  of  cotton  and  on  January  12,  1917,  it  was  in- 
jected intravenously  into  horse  No.  3815,  while  at  the  same  time 
some  of  the  extract  was  instilled  in  one  of  the  animal's  eyes  and 
four  cavias  received  each  a  subcutaneous  injection  of  .5  c.  c.  of  the 
same  material. 

The  application  to  the  eye  led  to  no  appreciable  result  and  the 
four  cavias  suffered  no  inconvenience  from  the  injection,  but  the 
horse  presented  a  very  striking  reaction. 

The  injection  was  completed  at  3:01  P.  M.,  whil€  the  pulse 
showed  a  frequency  of  42  p.  m.  and  the  respiration  one  of  18  p.  m. 

Within   2   minutes  after   the   injection   the   subject   showed   increase   in   the 

respiratory  frequency  and   in  that   of  the  pulse.     There  were   muscular  twitch- 

ings,  attempts  at  defecation  and  lachrymation. 

3:06  P.  M.     A  profuse  discharge  of  nasal  mucus  manifested  itself.     Defecation. 

3:10  P.  M.  Diaphoresis.  Abdominal  straining.  Rectal  mucosa  protruding  from 
the  anus.     Dilated  nostrils. 

3:15  P.  M.  Diaphoresis  more  general  and  profuse.  Lachrymation  and  nasal 
discharge  continue  in  a  marked  manner.  Pulse  very  fast  and  almost  im- 
perceptible. 

3:20  P.  M.  The  respiratory  frequency  increases.  Pulse  imperceptible.  Nasal 
discharge  continues.  Frequent  defecations.  Perhaps  a  slight  reduction  in 
the  sweating. 

3:30  P.  M.     Respirations  52  p.  m. 

3:35  P.  M.  When  attempting  to  lie  down  the  animal  fell  to  the  floor  and  lay 
prostrate.    Respirations   60  p.  m. 

3:45  P.  M.  The  subject  passed  large  quantities  of  very  bloody  liquid  feces. 
Diaphoresis^  nasal  discharge  and  lachrymation  had  practically  ceased. 

4:05  P.  M.     The  horse  arose  and  passed  more  bloody  feces. 

4:10  P.  M.  Subject  again  fell,  laid  prostrate,  groaned  and  passed  more  bloody 
feces. 

4:20  P.  M.  The  subject  rose  once  more.  Violent  expulsion  of  a  copious  quan- 
tity of  bloody,  liquid  feces.  Respirations  48  p.  m.  The  pulse  remains  im- 
perceptible. 

4:30  P.  M.  The  animal  again  laid  down.  Bloody  liquid  passing  involuntarily 
from  the  rectum. 

The  subject  continued  weak  and  apathetic  until  death  which  occurred  dur- 
ing the  afternoon  of  January  13,  1917. 

The  autopsy  revealed  a  soft  and  flabby  heart  with  numerous  endo- 
cardial petephiae  in  the  left  side.  The  mucosa  of  the  bladder  showed 
hyperemia  and  petechiae.  The  gastric  mucosa  presented  a  few  small 
eroded  areas  and  that  of  the  intestines  was  marked  by  a  few  small 
hemorrhages. 

EXPERIMENTS  WITH  TOXASCARIS  LIMBATA 

A  number  of  these  nematodes  were  weighed,  crushed  in  a  mor- 
tar, macerated  for  24  hours  in  ten  times  their  weight  of  physiologic 
salt  solution,  centrifuged  filtered  and  preserved  by  the  addition  of  a 
few  drops  of  chloroform.  On  May  31,  1917,  a  number  of  dogs  were 
injected  with  this  extract,  with  the  following  results: 
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DOG    NO.   4046 

The  subject  received.  1  c.  c.  of  the  Toxascaris  extract  by  intra- 
venous injection. 

In  about  3  minutes  the  dog  vomited,  wandered  about  aimlessly,  showed 
increased  respirations  and  in  about  5  minutes  defecated.  Animal  then  laid 
down  for  a  few  minutes,  showed  a  relaxed  facial  expression  and  when  forced 
to  move  presented  a  slight  degree  of  incoordination. 

The  autopsy  revealed  this  dog  to  be  infected  with  a  number  of 
specimens  of  Belascaris  marginata  and  one  of  Dibothriocephalus  latus. 

DOG    NO.   4047 

This  young  and  vigorous  bull  dog  received  an  intravenous  injec- 
tion of  1  c.  c.  of  the  Toxascaris  extract. 

In  about  2  minutes  the  subject  vomited,  appeared  somewhat  depressed,  but 
soon  improved,  and  had  apparently  recovered  in  the  course  of  10  minutes. 

No  parasites  were  found  at  the  autopsy. 

DOG   NO.    4048 

This  dog  received  by  intravenous  injection  1  c.  c.  of  the  Toxas- 
caris extract. 

In  about  2  minutes  the  subject  walked  about  restlessly,  then  vomited, 
defecated,  and  laid  down.  After  5  minutes  the  animal  had  apparently  re- 
covered. 

No  parasites  were  found  during  the  autopsy. 

DOG   NO.   4049 

This  subject  received  an  intravenous  injection  of  1  c.  c.  of  the 
Toxascaris  extract.     Not  the  least  reaction  became  manifest. 
The  dog  contained  no  parasites. 

DOG    NO.    4050 

This  dog  received  1  c.  c.  of  the  Toxascaris  extract  intravenously, 
without  its  causing  any  reaction. 

No  parasites  were  found  at  the  autopsy. 

DOG   NO.   4051 

This  animal  received  intravenously  2  c.  c.  of  the  Toxascaris  ex- 
tract. 

In  less  than  2  minutes,  the  dog  showed  a  marked  tenesmus  and  stranguria, 
followed  by  frequent  defecations  w^hich  were  almost  continuous.  The  evacua- 
tion soon  assumed  a  semi-liquid  character.  Later  the  animal  began  retching, 
which   terminated  in   vomition.     Defecations   continued. 

When  the  subject  was  forced  to  move,  it  walked  with  a  very  staggering 
gait,  almost  losing  its  balance. 

The  animal  laid  down  after  about  10  minutes,  remained  prostrate,  breath- 
ing heavily  and  refused  to  arise  when  disturbed.  It  remained  in  that  condi- 
tion for  more  than   1  hour  after  which  it  arose  and  slowly  recovered. 

EXPERIMENTS  WITH  BELASCARIS  MARGINATA 

The  worms  were  weighed,  crushed  in  a  mortar,  macerated  for  24 
hours  in  ten  times  their  weight  of  physiologic  salt  solution,  centri- 
fuged,  filtered  and  preserved  by  the  addition  of  a  few  drops  of 
chloroform. 

On  May  21,  1917,  and  on  June  16,  1917,  this  extract  was  adminis- 
tered to  a  number  of  dogs  with  the  following  results : 
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DOG   NO.    3954 

This  subject  received  by  intravenous  injection  2  c.  c.  of  the 
Belascaris  extract.  No  visible  reaction  could  be  observed.  The 
autopsy  disclosed  the  absence  of  parasites. 

DOG   NO.    3955 

This  dog  received  an  intravenous  injection  of  2  c.  c.  of  the 
Belascaris  extract. 

Within  one-half  minute  the  subject  began  to  vomit,  showing  extreme 
nausea,  and  feU  to  the  floor.  After  1  minute  the  animal  defecated  and  showed 
dyspneic   breathing. 

The  subject  remained  in  this  condition  for  three-quarters  of  an-  hour, 
showing  during  this  time,  salivation,  marked  lachrymation,  nasal  mucous  dis- 
charge and  passing  bloody  feces.  At  the  end  of  this  period  the  subject  arose, 
walked  with  a  staggering  gait  and  began  to  retch  and  again  passed  bloody 
feces.     The  breathing  remained  panting. 

One  and  a  half  hours  later,  the  animal  moved  about  in  a  restless  manner, 
and  at  that  time  showed  a  heavily  congested  conjunctiva.  On  the  following 
morning  the  subject  was  fouQd  to  be  dead. 

The  autopsy  disclosed  a  marked  gastro-enteritis  with  free  hem- 
orrhage in  the  lumen  of  the  canal.  The  heart  was  soft  and  flabby, 
but  showed  no  ecchymoses  or  hemorrhages.  Th€  lungs  were  well 
collapsed  and  but  slightly  congested.  The  other  organs  were  normal 
in  appearance. 

No  parasites  could  be  found. 

DOG   NO.   3956 

This  animal  received  by  intravenous  injection  2  e.  c.  of  the  Belas- 
caris extract. 

In  about  1  minute  the  subject  began  to  run  about,  as  if  looking  for  a  place 
to  vomit,  commenced  to  stagger  and  fell  to  the  floor  about  2  minutes  after  the 
injection. 

After  6  minutes  the  dog  vomited  and  defecated  while  showing  rapid  breath- 
ing.   The   animal   remained   prostrate. 

Some  14  minutes  later  the  subject  vomited  and  evacuated  a  bloody  semi- 
liquid  feces.  When  an  attempt  was  made  to  cause  the  dog  to  walk,  it  fell 
from  side  to  side  as  if  in  a  semi-paralyzed  condition. 

After  10  minutes  more  the  pulse  became  very  weak  and  the  dog  could  not 
maintain  its  balance. 

Fifteen  minutes  after  this  the  animal  panted,  could  walk  only  with  diffi- 
culty and  made  occasional  attempts  at  defecation. 

This  subject  died  during  the  night. 

At  the  autopsy  it  was  found  that  the  stomach  and  intestines  were 
slightly  congested  and  that  the  heart  presented  well  marked  sub-endo- 
eardial  petechiae  and  ecchymoses.  The  lungs  were  well  collapsed. 
The  other  organs  presented  a  normal  appearance.  No  parasites  were 
found. 

DOG   NO.    3957 

This. dog  was  given  2  c.  c.  of  the  Belascaris  extract  by  intra- 
venous injection. 

In  about  1%  minutes  the  animal  began  running  about  howling  as  if  in 
distress.  It  soon  commenced  to  stagger  and  lost  all  control  of  the  right  front 
leg.  Retching  and  vomiting  soon  followed.  The  subject  fell  to  the  floor  with 
a  weak  pulse  and  a  very  rapid  and  labored  respiration. 

The  subject  defecated  and  again  vomited  10  minutes  Sifter  the  injection. 

10  minutes  later  the  dog  made  an  attempt  to  walk,  but  could  not  maintain 
himself  in  a  standing  posture.  At  this  time  the  animal  passed  semi-liquid 
bloody  feces. 
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After  15  minutes  more  pure  blood  was  ejected  per  anus,  the  act  being  ac- 
companied by  severe  tenesmus. 

20  minutes  later  more  blood  was  passed  and  the  rapid  breathing  continued. 

25  minutes  after  this  the  animal  was  very  restless.  The  subject  died 
during  the  night  following  the  experiment. 

The  autopsy  showed  a  very  marked  gastro-enteritis  throughout 
the  entire  intestinal  tract.  There  was  a  free  hemorrhage  in  the 
peritoneal  cavity.  The  heart  showed  marked  sub-enflocardial  hemor- 
rhages. The  lungs  were  well  contracted  and  showed  marked  conges- 
tion. The  kidneys  presented  hemorrhagic  infarcts  throughout. 
The  mucosa  of  the  bladder  was  markedly  congested.  No  parasites 
could  be  found. 

DOG  NO.  4113 

This  dog  received  an  intravenous  injection  of  2  c.  c.  of  the  Belas- 
caris  extract.     No  visible  reaction  followed. 

Twenty  minutes  after  the  first  injection  2.25  c.  c.  of  the  same 
extract  was  given  in  a  similar  manner.     No  reaction  resulted. 

The  autopsy  revealed  a  very  heavy  infestation  with  Tenia  serrata. 

DOG   NO.    4112 

This  subject  received  by  intravenous  injection  1  c.  c.  of  the  Belas- 
caris  extract. 

In  about  2  minutes  after  the  injection  the  dog  showed  restlessness,  at- 
tempted to  vomit,  laid  down  in  a  corner,  became  very  depressed  and  remained 
in  this  condition  for  about  10  minutes  with  occasional  retchings  and  defecations. 

Vomiting  again  occurred  12  minutes  later,  but  after  20  minutes  more  the 
animal  appeared  to  have  recovered. 

About   one-half   hour   after  the   first   injection   this   animal   was 

given  2.25  c.  c.  of  the  same  extract  but  no  second  reaction  followed. 

No  autopsy  was  made. 

DOG   NO.   4114 

This  animal  received  by  intravenous  injection  1  c.  c.  of  the  Bel- 
ascarijs  extract. 

V7ithin  1  minute  the  animal  began  to  retch,  showed  rapid  breathing,  soon 
laid  down,  remaining  very  quiet  only  showing  an  occasional  sign  of  tenesmus. 

After  10  minutes  the  pulse  was  almost  imperceptible.  When  aroused  the 
animal  walked  with  great  difficulty  and  marked  incoordination  of  movements. 
The  dog  soon  fell  to  the  floor  and  remained  very  quiet  with  an  imperceptible 
pulse.     The  subject  died  in  this  position  35  minutes  after  the  injection. 

It  was  observed  that  the  period  of  rapid  breathing  was  very  brief  in  this 
dog,  and  during  the  last  half  of  the  experiment  the  breathing  became  shallow 
and  depressed. 

The  autopsy  showed  a  marked  enteritis  with  about  100  c.  c.  of 

blood  free  in  the  lumen  at  the  intestine.     There  was  a  slight  gastritis 

in  the  region   of  the   fundus.     All   internal   organs   showed    venous 

stasis  such  as  is  seen  in  cardiac  failure.    The  lungs  were  not  inflated 

but  showed  venous  congestion. 

.EXPERIMENTS  WITH  DIPYLIDIUM  CANINUM 

A  quantity  of  those  tape  worms  were  weighed,  crushed  in  a  mor- 
tar, macerated  for  24  hours  in  ten  times  their  weight  of  physiologic 
salt  solution,  centrifngcMl,  filtered  and  preserved  by  the  action  of  a 
little  chloroform. 

On  May  18,  1917,  June  1,  1917  and  June  14,  1917,  certain  dogs 
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were   injected   with   a   quantity   of   this   extract   with   the   following 

results : 

DOG    NO.    3950 

This  subject  received  by  intravenous  injection  4  c.  c.  of  the 
Dipylidiuni  extract.  Xo  reaction  followed.  No  parasites  were  found 
at  the  autopsy. 

DOG   NO.   3951 

This  doff   received   an   intravenous   injection   of   2   c.   c.    of  the 

Dipylidium  extract. 

In  6  minutes  there  was  observed,  trcmblinpf,  straining  and  defecation.  5 
minutes  later,  there  was  another  bowel  evacuation,  with  abdominal  straining. 
The  pulse  was  weak  and  the  animal  showed  discomfort.  After  5  more  minutes 
the  subject  still  strained  and  passed  some  flatus.  2  minutes  later  the  pulse  was 
imperceptible,  while  some  increase  in  the  respiration  was  noted,  accompanied 
by  salivation. 

The  autopsy  brought  to  light  one  specimen  of  Toxascaris  lim- 
bata,  but  no  other  parasites. 

DOG    NO.    3952 

This  animal  received  an  intravenous  injection  of  2  c.  e.  of  the 
Dipylidium  extract.  No  reaction  followed.  No  parasites  were 
found  in  thi.s  subject. 

DOG   NO.    3953 

This  subject  received  an  intravenous  injection  of  2  c.  v.  of  the 
Dipylidium  extract.  No  reaction  resulted.  No  parasites  were  found 
during  the  autopsy. 

DOC    NO.    4046 

This  animal  received  by  intravenous  injection  3  c.  c.  of  the  Dipy- 
lidium extract.  No  reaction  followed.  The  autopsy  disclosed  the 
presence  of  two  specimens  of  Belascaris  marginata  and  one  of 
Dibothriocephalus  latus. 

DOG    NO.   4047 

This  dog  received  an  intravenous  injection  of  3  c.  c.  of  the  Dipy- 
lidium extract.  No  reaction  resulted.  No  parasites  were  found  at 
the  autopsy. 

DOG    NO.    4048 

This  subject  was  given  an  intravenous  injection  of  3  c.  c.  of  the 
Dipylidium  extract.  No  reaction  followed.  The  autopsy  disclosed 
absence  of  parasites. 

DOG    NO.   4049 

This  dog  was  injected  intravenously  with  3  c,  c.  of  the  Dipylidi- 
um extract.  No  reaction  followed.  No  parasites  were  found  during 
the  autopsy. 

DOG   NO.   4050 

This  subject  received  an  intravenous  injection  of  3  c.  c.  of  the 
Dipylidium  extract.     No  reaction  followed. 

The  autopsy  did  not  disclose  parasites  in  this  dog. 

DOG    NO.    4051 

This  dog  was  intravenously  injected  with  4  c.  c.  of  the  Dipylidi- 
um extract.  No  reaction  resulted.  The  autopsy  disclosed  a  large 
number  of  the  Dipylidium  caninum. 
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DOG   NO.   4118 

This  animal  received  by  intravenous  injection  7  c.  c.  of  the 
Dipylidium  extract.  No  reaction  resulted.  The  autopsy  disclosed 
a  heavy  infestation  by  Tenia  serrata. 

DOG   NO.   4119 

This  subject  was  injected  intravenously  with  15  c.  c.  of  the 
Dipylidium  extract.  No  reaction  followed.  The  dog  contained  one 
specimen  of  Toxascaris  limbata. 

EXPERIMENT  WITH  TENIA  SERRATA 

A  considerable  number  of  those  tape  worms  were  weighed, 
crushed  and  macerated  for  24  hours  in  ten  time  their  weight  of 
physiologic  salt  solution,  centrifuged,  filtered  and  preserved  by  the 
addition  of  a  few  drops  of  chloroform. 

On  June  21,  1917,  the  following  experiment  was  made: 

DOG    NO.   4126 

This  dog  received  an  intravenous  injection  of  5  c.  c.  of  the  Tenia 

extract. 

Within  2  minutes  the  animal  became  shy,  hid  away  in  a  corner  and  com- 
menced to  salivate  and  to  breath  rapidly.  The  dog  remained  perfectly  quiet 
for  about  10  minutes  during  which  the  salivation  continued,  although  the 
exaggerated  breathing  rapidly  diminished.  After  about  12  minutes  the  animal 
arose  in   an  apparently  normal   condition. 

The  autopsy  disclosed  the  presence  of  one  specimen  of  Toxascaris 
limbata. 

At  the  same  time  when  the  dog  No.  4126  was  injected,  three 
rabbits  were  given  respectively  intravenous  injections  of  the  same 

extract  in  quantities  of  1,  2  and  3  c.  c. 

Within  1  minute  after  the  injections  all  three  of  those  animals  commenced 
to  sneeze,  which  continued  for  about  1  minute.  The  respirations  increased 
markedly  and  the  rabbits  soon  laid  down  in  a  semi-paralyzed  condition  and 
remained  there  for  about  10  minutes.  After  being  induced  to  arise,  the  ani- 
mals could  not  hop  in  the  manner  of  rabbits,  but  walked  with  a  staggering 
gait.  % 

They  apparently  soon  recovered,  but  yet  one  of  the  animals  died  during 
the  following  night. 

The  autopsy  disclosed  in  one  of  the  rabbits  two  or  three  small 
cysts  situated  in  the  abdominal  cavity  in  the  sub-lumbar  region. 
These  were  identified  as  Cysticercus  pisiformis  by  Dr.  B.  H.  Ransom 
of  Washington,  D.  C. 

Two  cavias  injected  each  intraperitoneally  with  3  c.  c.  of  the 
same  extract  showed  no  reaction  whatever. 

EXPERIMENT  WITH  GYROPUS  OVALIS  AND  GYROPUS 

PORCELLI 

On  June  14,  1917,  eight  cavias,  some  of  which  were  infested  with 
the  lice  mentioned,  were  injected  with  extracts  prepared  from  those 
parasites. 

No  results  followed,  but  it  must  be  observed  that  the  extracts, 
prepared  in  a  rather  loose  manner,  were  very  weak. 

Although  in  this  series  of  experiments,  we  had  no  opportunity 
of  making  control  injections  in  animals  known  to  be  non-sensitized, 
as  we   did   in  the  colt   experiments  with   Gastrophilus   extract,   the 
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writers  cannot  escape  the  conclusion,  that  the  reactions  witnessed 
were  truly  of  an  anaphylactic  nature. 

In  the  horse  experiments  the  similarity  between  the  reactions 
caused  by  Trichodectes  and  Ascaris,  and  those  produced  by  Gastro- 
philus  was  quite  marked,  while  the  symptoms  seen  in  our  canine 
material  bear  so  striking  a  resemblance  to  those  so  clearly  described 
by  Biedl  and  Kraus  (16)  that  any  other  conclusion  is  scarcely 
possible. 

In  this  conclusion  we  are  further  strengthened  by  the  fact  that 
the  materials  used,  in  so  many  cases  failed  to  produce  intoxication,  a 
circumstance  which  serves  to  indicate  that  the  substances  used  were 
in  themselves  inoccuous. 

In  view  of  the  almost  universal  distribution  of  some  of  the  para- 
sites used,  perhaps  a  larger  number  of  reactions  should  have  been 
induced.  This  is  especially  so  in  the  case  of  the  Dipylidium  experi- 
ments, because  this  parasite  is  one  of  the  most  commonly  found  in 
our  section.  In  connection  with  the  default  of  many  reactions  we 
must  however,  recognize  that  there  may  be  vast  differences  in  the 
manner  and  degree  of  host  sensitization  by  parasites,  while  on  the 
other  hand  there  is  no  reason  to  believe  that  our  extracts  were  pre- 
pared in  the  manner  and  concentrations  capable  of  securing  the  best 
results.  Our  pharmaceutical  methods  were  certainly  more  tentative 
than  final,  and  with  the  accumulation  of  further  knowledge  they 
should  in  time  become  more  refined. 

In  regard  to  the  one  experiment  with  Tenia  serrata  in  a  dog  and 
rabbit,  the  writers  could  not  accept  the  reactions  witnessed  as  evi- 
dence of  anaphylaxis  without  some  further  experiments  but  certainly 
regard  the  phenomena  as  highly  significant. 

Reviewing  the  results  of  this  series  in  the  light  of  our  Gastro- 
philus  experiments,  we  have  no  doubt  of  the  anaphylactic  nature  of 
the  reactions  seen,  as  well  as  of  the  acute  parisitic  intoxications  re- 
ported by  Stazzi,  Plana  and  Belfanti  (17)  and  others. 

In  a  letter  received  about  a  year  ago  from  our  colleague  Seymour 
Hadwen,  he  was  kind  enough  to  make  the  writers  acquainted  with  an 
interesting  discovery  made  by  him,  and  which  apparently  showed 
how  in  infested  animals,  parasitic  extracts  caused  local  reactions  seem- 
ingly of  an  allergic  nature,  when  brought  in  contact  with  certain  mu- 
cosae. Subsequently  Hadwen 's  discovery  was  described  in  an  inter- 
esting article.     (18) 

In  order  to  ascertain  if  Gastrophilus  material  has  any  irritating 
qualities,  or  is  capable  of  producing  allergic  reactions  in  presumably 
sensitized  animals  and  others  as  suggested  by  Hadwen,  certain  ob- 
servations were  made  relative  to  the  ophthalmic  or  intradermal  ap- 
plication of  the  extract. 

The  material  was  prepared  in  the  following  manner.  Ten  lar- 
vae of  each  of  the  Gastrophilus  equi  and  nasalis  were  crushed  and 
mixed  with  40  c.  c.  of  physiologic  salt  solution.  The  two  lots  were 
then  mixed,  filtered  through  cotton  and  heated  for  1  hour  at  60°  C. 

The  eye  test  made  November  2,  1916,  at  3 :45  P.  M.,  consisted  of 
the  instillation  into  one  eye  of  each  animal  of  a  few  drops  of  the 
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extract  by  means  of  a  earners  hair  brush.     The  following  are  the 
details  of  the  experiment. 


Animal 
Horse   No.    2981 


Horse    No.    3625 


Horse   No.    3677 


Horse   No.   3722 


Horse   No.   3723 


Horse    No.    636 

KzperlmenUl  hone,  artifl- 
clalljlD(«(-tedwith  iwamp 
fever  In  19o8.  being  kept 
in  the  htable  conkiuaaliy 
•Ince  that  time. 

Horse    No.    3742 


Results 

Five  minutes  after  the  instillation,  lachrymation  could  be 
observed,  which  became  profuse  after  10  minutes.  Marked 
swelling  of  the  conjunctivae.  On  the  morning  following, 
lachrjmation  had  ceased.  The  swelling  was  reduced  and  a 
small  amount  of  thickened  exudate  had  gathered  in  the 
corner  of  the  eye. 

Intense  lachrymation  within  3  minutes.  In  5  minutes  the 
conjunctiva  became  swollen.  At  5  P.  M.  the  swelling 
was  very  marked,  but  the  tear  flow  was  diminishing.  The 
following  morning  there  was  reduction  of  the  swelling,  and 
an  accumulation  of  exudate  in  the  corner  of  the  eye. 

There  was  profuse  lachrymation  within  4  minutes  after  the 
application  of  the  extract.  In  15  minutes  the  tears  were 
pouring  down  the  face  in  four  streams.  There  was  marked 
swelling  of  the  eyelids. 

At  5  P.  M.  the  eye  was  nearly  closed,  but  the  tear  flow 
was  lessening.  The  subject  appeared  depressed  and  de- 
jected. 

The  next  day  a  slight  swelling  still  remained,  lachrymation 
had  ceased,  and  the  corner  of  the  eye  showed  a  clump  of 
exudate. 

There  was  a  slight  lachrymation  in  about  10  minutes. 
After  15  minutes  the  tear  flow  increased,  becoming  pro- 
fuse in  30  minutes.  The  eyelids  were  only  slightly  swollen. 
At  5  P.  M.  there  still  was  some  flow  of  tears,  but  the  swell- 
ing was  but  slight. 

On  the  following  morning  there  still  was  a  little  swelling 
and  a  small  amount  of  exudate. 

Lachrymation    gradually    began    to    show    after    about    20 

minutes,   increasing  for   something  like   30   minutes. 

At  5   P.  M.  the  flow  of   tears  was   fairly  marked,   but  no 

swelling  appeared  in   this  case. 

There   still  was  some  lachrymation  but   otherwise  the   eye 

appeared  normal  on  the  following  morning. 

Not  a  trace  of  reaction. 


This  subject  showed  a  slight  lachrymation  in  about  15 
minutes,  which  continued  but  moderately  until  5  P.  M. 
The  morning  following  a  small  amount  of  exudate  showed 
in  the  corner  of  the  eye,  which  otherwise  was  normal. 

The  subject  was  not  observed  until  5  P.  M.  when  it  showed 
a  moderate  degree  of  lachrymation,  of  which  all  traces 
had  disappeared  on  the  following  day. 

Not  observed  until  5  P.  M.  when  it  presented  evidence  of 
a  marked  reaction  with  profuse  lachrymation  and  swollen 
tissues.  The  subject  appeared  depressed  and  dejected. 
On  the  following  morning  the  eyelids  were  still  slightly 
swollen  and  a  clump  of  muco-pus  occupied  the  corner  of 
the    eye. 

On  November  13,  1916,  the  same  extract  was  used  in  an  eye  test  ap- 
plied to  other  species  of  animals  with  the  following  results: 


Horse    ''Babe" 


Horse    "Daisy" 
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Animals Besulta 

Eight  bovines   No  reaction. 

Four  goats   No  reaction. 

One  sheep  i No  reaction. 

Twelve   rabbits   No  reaction. 

Twelve  cavias No  reaction. 

Three   dogs  No  reaction. 

One  cat  No  reaction. 

The  intradermal  tests  were  made  with  Oastrophilus  extract  pre- 
pared in  the  usual  manner  and  heated  at  60°  C.  for  2  hours.  About 
1  c.  c.  was  injected  into  the  skin  on  the  side  of  the  neck. 

The  following  results  were  recorded: 

Animal  Results 

Horse   No.   3747         November  9,  1916. 

Injection  at  2:50  P.  M. 

3:00  P.  M.     Very  slight  swelling. 

3:05  P.  M.     Swelling  2  c.  m.  in  diameter. 

3:15  P.  M.     SweUing  3  c.  m.  in  diameter. 

3:30  P.  M.     Swelling  same  in  diameter. 

4:00  P.  M.  The  swelling  was  settling  below  point  of  in- 
jection. 

5:30  P.  M.    The  sweUing  had  not  (ihanged. 

November  10,  1916. 

8:00  A.  M.  The  swelling  had  gravitated  about  5  c.  m. 
below  the  point  of  injection,  becoming  thicker  at 
farthest  point,  where  the  skin  had  become  about  1 
c.  m.  thick. 

12:00  M.    There  was  no  change  in  the  swelling. 

5:00  P.  M.     The   swelling  was  becoming  smaller. 

On  November  11,  1916. 

8:00  A.  M.     The  swelling  had  disappeared. 

Horse    No.    2981         November  10,  1916. 

Injection  made  at  3:22  P.  M. 
3:30  P.  M.  Very  slight  swelling. 
4:00  P.  M.     The  swelling  was  aoout  2.5  c.  m.  in  diameter. 

and  .5  c.  m.  in  thickness. 
4:30  P.  M.     The  swelling  measured  3  c.  m.  in  diameter  and 

1  c.  m.  in  thickness. 
6:00  P.  M.     The  diameter  of  swelling  increased  to  3.5  c.  m. 
November  11,  1916. 
8:00  A.  "H,    The   diameter   of   swelling   was   5    e.   m.    while 

the  thickness  was   1.5   c.  m.     The   enlargement  is   very 

sensitive  to  the  touch. 
12:00  M.    The    condition    was    unchanged. 
November  12,  1916. 
9:00  A.  M.     The  swelling  decreasing. 
November  13,  1916. 

9:00  A.  M.     The    enlargement    has    practically    disappeared. 
Horse   No.   3677         November  10,  1916. 

Injection  made  at  3:20  P.  M. 

3:35  P.  M.  The  subject  showed  restlessness,  increisod  res- 
pirations and  was  pawing  with  colicky  pains. 

3:40  P.  M.  Evacuation  of  semi-liquid  feces.  Diaphoresis 
became  marked.     Subject   very   restless. 

3:45  P.  M.  Pronounced  sweating.  Marked  lachrymation, 
which  seemed  to  be  more  profuse  from  the  eye  which 
had  previously  served  for  the  ophthalmic  test.  Res- 
pirations 54  p.  m.  The  subject  coughed  and  rubbed  it- 
self frantically  on  both  sides  of  the  stall. 
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Animal  Results 

3:50  P.  M.  The  horse  pawed  violently.  There  were  two 
rather  soft  evacuations  within  5  minutes.  The  coat 
was  moist  and  hot  w^ith  sweat.  The  animal  coughed 
very  forcibly  and  expectoration  was  manifest.  Tem- 
perature  100°    F. 

4:00  P.  M.  There  were  two  fecal  evacuations  with  fre- 
quent passage  of  flatus.    Pulse  weaker. 

4:10  P.  M.  Colicky  symptoms  prevailed,  but  diaphoresis, 
expectoration  and  lachrymation  decreased  in  intensity. 
Respiratiosn  50  p.  m.  were  exaggerated  and  violent. 
More  evacuation  of  liquid  feces. 

At  4:35  P.  M.  The  exaggerated  breathing  persisted,  but 
otherwise  the  reaction  was  lessening  in  severity.  Two 
liquid  evacuations.     Temperature  99°  F. 

4:45  P.  M.  The  animal  laid  down,  arising  again  in  5 
minutes.    The  exaggerated  breathing  continued. 

5:00  P.  M.  Temperature  99.4°  F.  The  skin  was  dry  and 
the  reaction  had  ceased  with  the  exception  of  the 
heavy  and  rapid  breathing. 

(5:00  P.  M.     Heavy    breathing    continued. 

November  11,  1916. 

8:00  A.  M.     The  subject  was  apparently  normal. 

On  November  21,  1916,  ten  bovines  were  injected  intradermieally 
in  the  tail  fold  with  a  Gastrophilus  extract  prepared  in  a  similar  man- 
ner as  the  one  above  mentioned.  In  two  of  those  animals  a  fairly 
good  sized  swelling  was  the  result,  while  in  the  rest  the  swellings 
were  small  and  of  a  transitory  character. 


N.  B. — At  no  time 
was  a  noticeable 
swelling  observed 
at  the  point  of 
the    injection. 


Animal 
Horse   No.   636 


The  writers  also  found  occasion  to  experiment  with  extract  of 
other  parasites.  For  this  purpose  a  number  of  specimens  of  Ascaris 
megalocephala,  were  w^eighed,  crushed,  macerated  for  24  hours  in 
ten  times  their  weight  of  physiologic  salt  solution,  centrifuged,  filtered 
and  heated  for  1  hour  to  60°  C.  This  extract  was  used  for  the 
following  ophthalmic  test. 

Results 

April  6,  1917.  In  2  minutes  there  was  profuse  lachryma- 
tion, and  in  5  minutes  the  eye  was  almost  swoUen  shut. 
The  subject  was  restless,  pawed,  shook  its  head,  and  showed 
increased  respirations. 

.0  hours  later  the  parts  were  still  swollen  but  on  the  follow- 
ing morning  the   eye  looked  normal. 

April  6,  1917.  The  instillation  was  followed  by  a  moderate 
reaction.  There  was  lachrymation  and  a  moderate  degree 
of  swelling.  Constitutional  disturbances  were  not  ob- 
served. The  swelling  persisted  for  a  few  hours  and  had 
disappeared  on  the  following  morning. 

April  6,  1917.     The  instillation  was  followed  by  a  moderate 

degree    of    lachrymation    and  swelling.     Xo    constitutional 

disturbances  were  seen,  and  the  reaction  had  ceased  5 
hours  later. 

April  6,  1917.  The  instillation  was  soon  followed  by  a 
marked  reaction,  as  evidenced  by  swelling  and  lachryma- 
tion, wihch  in  20  minutes  reached  its  maximum.  On  the 
following  morning  the  swelling  had  not  entirely  disap- 
peared. 

April  6,  1917.  A  marked  reaction  soon  followed  the  in- 
stillation   and   lasted    until    the    following   morning. 


Horse    No.   3798 


Horse    No.    3813 


Horse    No.    3814 


Horse    No.    3822 
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As  s  control  experiment  the  Ascarifi  extract  was  also  instilled 
in  one  of  the  eyes  of  each  of  four  ^oats,  four  dogs,  one  cat,  six  rab- 
bits and  six  cavias.  In  all  these  animals  the  results  were  absolutely 
negative. 

Some  experiments  were  also  made  with  an  Ascaris  extract  pre- 
pared in  similar  manner,  but  which  had  been  prepared  by  means  of 
a  50%  solution  of  glycerine  in  the  place  of  the  physiologic  salt 
solution. 

Those  experiments  resulted  as  follows: 
Animal  Results 

Horse   No.   63S  June  14,  1917.     Within    I^^    minuteH    after    the    instiilstion. 

lacbrymatiou  began  and  became  vary  profuse  after  3  min- 
utes more.  Tlie  palpebral  stmctureB  began  to  swell  at 
about  the  same  time.  One  and  a  half  hour  after  the  in- 
stillation, lachTjmation  had  ceased  and  the  swelling  was 
decreasing.  Seven  hours  later  the  reaction  had  practically 
ceased. 
Horse    No.   4110 


Figure  I.     (Horse   No.   3S22) 

Horse   No.    3822         June   14,  1917.     Lachrymatiou    began   within   a  half   minute 

after  the  instillation,  and  soon  became  profuse.  The  pal- 
pebral tissues  began  to  swell,  and  after  10  minutes  more 
this  swelling  was  very  marked.  (See  fig.  1)  The  tear 
flow  continued  profusely  and  ran  over  the  face  in  stream?. 
The  subject  attempted  to  rub  the  eye  from  time  to  time. 
The  conjunctiva  became  congested.  After  25  minutes 
more,  the  eye  discharge  was  of  a  mucous  character.     After 
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Animal  Results 

12  hours  the  lachrymation  had  ceased  and  the  swelling  had 
become  somewhat  reduced.  There  stiU  was  considerable 
swelling  after  7  hours. 

Colt    No.   3966  June  14,  1917.     Lachrymation      appeared     after      about      1 

minute  and  the  conjunctiva  became  injected.  After  5 
minutes  the  palpebral  tissues  began  to  swell  slightly,  and 
the   lachrymation   increased   without   becoming   profuse. 

On  the  same  day,  June  14,  1917,  a  number  of  work  horses  were 
also  used  in  this  experiment,  but  owing  to  the  circumstances  under 
which  the  observations  had  to  be  made,  the  results  coaid  not  be 
described  in  suflScient  detail.  We  let  them  follow  here  for  what 
they  are  worth. 

Animal  Besults 

Babe  No  reaction. 

Lee  No  reaction. 

King  Slight  reaction  which  had  disappeared  after  6  hours. 

Topsy  A  moderate  degree  of  reaction  which  was  still  visible  after 

6  hours. 

Zelma  Slight  reaction  which  had  disappeared  after  1  hour. 

Polly  A  moderate  degree  of  reaction,   which  after  6   hours  was 

still  present. 

Boy  A   slight  but  rather  persistent  reaction. 

Dick  A  moderate  degree  of  reaction  still  present  after  6  hours. 

Dan  A  slight  reaction,  no  longer  present  after  6  hourts. 

Gypsy  A  slight  reaction,  no  longer  present  after  6  hours. 

Prank  No  reaction. 

Robert  No  reaction. 

Jim  No  reaction. 

Biley  Slight  reaction,  which  had  disappeared  after  6  hours. 
Mack         *   Slight  reaction,  still  visible  after  6  hours. 
Taft           '   Slight  but  persistent  reaction. 

Johnson  No  reaction. 

Stella  Slight  reaction,  which  had  disappeared  after  6  hours. 

Loretta  Doubtful  reaction  of  which  no  sign  remained  after  6  hours. 

Sylvia  No  reaction. 

Dot  No  reaction. 

Cora  Slight  reaction  which  had  disappeared  after  6  hours. 

Nellie  No  reaction. 

Lady  No  reaction. 

Bertha  No  reaction. 

Buby  No  reaction. 

As  a  check  experiment  the  glycerine  Ascaris  extract  was  also 
instilled  in  one  of  the  eyes  of  each  of  four  cavias,  ten  rabbits  and 
four  dogs.  In  none  of  these  animals  could  a  trace  of  reaction  be 
observed. 

A  number  of  experiments  were  also  made  with  an  extract  of  the 
larvae  of  Hypoderma  lineata,  prepared  in  the  usual  manner  and 
heated  for  1  hour  to  60°  C. 

On  April  16,  1917,  three  western  steers,  which  had  been  the 
hosts  of  the  larvae  mentioned  had  the  extract  instilled  in  one  of 
their   eyes. 

One  reacted  with  slight  lachrymation  and  a  moderate  palpebral 
swelling.  In  the  other  two  the  reactions  were  even  slighter  and  in 
all  three  of  the  animals,  all  signs  of  the  reaction  had  completely  dis- 
appeared on  the  following  day. 
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Six  other  steers  and  three  calves,  all  free  from  Hypoderma 
larvae  were  also  used  in  this  experiment,  and  none  of  those  animals 
showed  the  slightest  evidence  of  a  reaction. 

Four  dogs,  which  had  instilled  into  one  of  their  eyes  an  extract 
prepared  in  the  usual  manner  from  Dipylidium  caninum,  showed  no 
evidence  of  a  reaction  whatevr. 

While  in  some  of  our  experiments  we  failed  to  obtain  the  striking 
reactions  described  by  Hadwen  and  Bruce  (18)  in  others  the  results 
were  confirmatory  of  their  findings  relative  to  the  allergic  sensitiza- 
tion of  parasite  hosts,  against  substances  of  the  same  parasite. 

After  reviewing  the  experiments  described  above  the  writers 
feel  warranted  to  conclude  as  follows: 

1.  There  is  no  reason  to  believe  that  Gastrophilus  species  play 
a  specific  part  in  the  causation  of  infectious  anemia  or  swamp-fever 
of  the  horse. 

2.  That  the  severe  intoxication  following  the  injection  of  Gastro- 
philus material  into  horses  are  not  due  to  a  special  substance  in  the 
sense  of  the  **Oestrin"  of  the  Seyderhelms. 

3.  That  such  intoxications  are  purely  a  manifestation  of  ana- 
phylaxis and  do  in  no  way  differ  from  those  precipitated  by  the  use 
of  any  foreign  protein. 

4.  Many  parasitic  species  sensitize  their  hosts  who  upon  rein- 
jection  will  respond  by  anaphylactic  or  allergic  reaction;^. 

5.  That  the  acutely  toxic  properties  thus  far  found  to  be  asso- 
ciated with  parasites,  owe  their  toxidity  to  the  specific  sensitization 
of  the  animal's  injected  with  materials  of  parasitic  origin. 

6.  That  it  is  reasonable  to  assume  that  anphylactically  intoxi- 
catiner  substances  of  parasitic  origin  can  gain  entrance  into  the  body 
through  the  same  channels  which  previously  served  for  the  entrance 
of  the  sensitizing  ones. 

7.  That  by  a  more  or  less  constant  presence  of  certain  parasites 
the  body  may  be   constantly   supplied   by  parasitic   anaphylatoxins. 

8.  That  it  is  within  the  range  of  possibility  that  such  a  form  of 
intoxication  may  give  rise  to  certain  more  or  less  definite  disease 
processes. 

If  such  a  parasitic  anaphylaxis  is  thus  established  a  wide  field 
for  further  experimentation  presents  itself,  and  various  problems 
beckon  the  investigator.  What  for  instance,  are  the  results  of  a 
chronic  more  or  less  constant  anaphylactic  poisoning?  Can  this  have 
any  relation  to  such  chronic  diseases  as  anemia,  cirrhoses  of  dififerent 
kinds,  parenchymatous  degenerations  and  other  conditions  which  we 
have  always  so  readily  attributed  to  auto-intoxication?  What,  again, 
is  the  nature  of  the  changes  in  the  blood  of  some  of  our  own  ana- 
phylactic horses  which  caused  it  to  produce  febrile  reactions  in  other 
individuals?  Many  such  questions  present  themselves  and  may  well 
be  answered. 

Another  very  practical  question  suggests  itself  in  regard  to  the 

Hadwen  reaction.     Could  it  not  be  made  to  serve  useful  purposes  in 

practice?     Would  it  not   be  possible  for  instance  by  means  of  this 

reaction  to  sort  out  in  a  flock  of  sheep  the  carriers  of  Coenurus  cere- 
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bralis  by  means  of  an  eye  test  made  either  with  the  fluids  of  those 
cysts  or  of  extracts  prepared  from  the  Tenia  coenurus  itself? 

The  result  obtained  in  our  rabbit  experiment  with  the  extradi 
of  Tenia  serrata  is  certainly  suggestive. 

But'  above  all,  should  we  first  attempt  to  improve  the  rather 
crude  pharmaceutics  followed  in  our  experiments  in  the  preparation 
of  the  parasitic  extracts  and  in  the  allergic  reactions.  A  greater 
concentration  at  least  seems  necessary.  A  further  possibility  il 
associated  with  what  may  be  brought  to  light  by  the  study  of  this 
problem  in  vitro.  We  have  already  made  some  attempts,  but  have 
thus  far  not  met  with  encouraging  results.  We  are  certain  however, 
that  it  is  reasonable  to  suppose  that  where  anaphylactic  sensitization 
can  be  so  strikingly  shown  in  vivo  that  it  can  also  be  demonstrated 
in  the  test  tube. 
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